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DESCRIPTION 

VECTORS' WITH MODIFIED PROTEASE -DEPENDENT TROPISM 

5 Technical- Field ' ' " \ 

The present invention relates to cell fusion vectors with 
modified protease-deperident tropism, and methods for producing the 
same . The vectors of this invention are useful as gene ther'apy vectors 1 
that show cancer-specific infection. 
10 1 • 

Background Art 

Development of gene therapy for cancer has been advancing , in 
recent years. Hitherto, the present inventors have developed gene 
therapy vectors using the Sendai virus (SeV) . SeV is a virus of the 

15 paramyxovirus family and belongs to a group of viruses comprising 
nonsegmented negative strand RNA as its genome. Paramyxoviral vectors 
enable high transf ection rate and overexpression of foreign genes., 
and are expected to serve as gene therapy vectors- for cancer. To date, 
a number of cancer therapies using paramyxovirus have been performed. 

20 For example, BHK21 cells infected with Mumps virus were observed to 
show ant i- tumor effects in tumor-bearing nude mice (Minato, N. et 
al., J. Exp. Med. 149, 1117-1133 ,1979) . Similarly, antitumor effects 
have been reported in other paramyxoviruses . Recently, the antitumor 
effects of fusogenic proteins are attracting attention. Galanis et 

25 al . reported that cancer cells infected with an adenoviral vector 
that carries the F and HN proteins of measles virus form syncytia, 
resulting in antitumor effects in vivo (Galanis, E. et al. , Hum. Gene 
Ther. 12, 811-821, 2001). 

Needless to say, cancer that does not metastasize can be treated 

30 by surgically removing that portion, and metastatic cancer and 
malignant cancer are considered synonymous . Infiltrating metastatic 
cancers are known to overexpress matrix metalloprotease (MMP) and/or 
plasminogen activators (uPA, tPA) (Cox, G., and O'Byrne, K.J., 
Anticancer Res. 21, 4207-4219, 2001; Andreasen, P. A. et al . , Cell 

35 Mol . Life. Sci . 57, 25-40, 2000). This overexpression is believed 
to occur due to the fact that infiltration and metastasis become 



possible only after the surrounding extracellular matrix (ECM) , which 
is an obstacle preventing cell transposition during metastasis and 
infiltration of cancer cells, is degraded through the expression of 
enzymes (MMP, uPA, tPA) that degrade the ECM by cancer.. 

On the other hand, three problems have been raised regarding 
gene therapies for cancer. Firstly, , since the gene transfer 
efficiency into cancer cells is low and gene ' transfer to the core . 
of a solid cancer cannot be easily accomplished, genes cannot be 
transf ected to the entire cancer.' Accordingly,, remaining cancer cells 
start to proliferate again, which leads to recurrence. Secondly, 
genes are transf ected not only to cancer cells but also to normal 
cells. Toxic genes injure the normal cells, thereby resulting in 
increased side-effects. Thirdly, the occurrence of infiltration and 
metastasis as the cancer becomes malignant is a problem in all kinds 
of cancer therapy. To date, a vectors that solves these problems has 
not yet been developed. ' . 

Disclosure of the Invention 

The present invention provides novel cell fusion vectors with 
modified protease -dependent tropism which infiltrate into 
surrounding cells only in the presence of a particular protease ; and 
methods for producing the same. 

The paramyxovirus family of viruses , which includes Sendai virus , 
comprise two proteins in their envelope. The fusion (F) protein 
achieves membrane fusion between the virus and its host cell which 
results in release of nucleocapsids into the cytoplasm. The 
hemagglutinin-neuraminidase (HN) protein has hemagglutinating 
ability and neuraminidase activity, and plays the role of binding 
to a host receptor . The F and HN proteins are also called spike proteins , 
as they are displayed on the surface of the viral envelope . The matrix 
(M) protein lines the envelope and gives rigidity to the viral particle . 
The characteristics of the present vectors are such that they allow 
highly efficient gene transfer to a wide variety of cells and animal 
tissues, and accomplish high level of expression as compared to 
existing vectors. 

TheFprotein (FO) does not show cell fusion activity . Its fusion. 
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activity' is displayed only upon cleavage by a host-derived protease, 
which results in degradation into Fl and ?2 . Therefore, the 
proliferation of ' viruses carrying the wild-type F protein is limited 
to those types of tissues that express a trypsin-like protease which 
5 allows for cleavage of this protein, such as respiratory mucosal 
epithelium. Various studies have been carried out on paramyxoviruses 
regarding modification of the tropism of infection or fusdgenicity 
due to modifications of F. In the interest of SeV, a variant comprising* 
F that is cleaved only by a-chymotripsin has : been shown to lose trypsin 

10 sensitivity, which, in turn, changes its tropism specific to the 
cleavage sequence of F (Tashiro, M. et all, J. Gen. Virol. 73 (Pt 6), 
1575-1579, 1992) . Furthermore, in ^Newcastle .disease virus and t in 
Measles virus, it has been shown that the syncytium- forming ability 
changes in a .trypsin-dependent manner, due to the modification of the 

1.5 cleavage sequence of F (Li, Z. etal., J. Virol. 72, 3789-3795, 1998; 
Maisner, A. et al . , J. Gen. Virol. 81, 441-449, 2000). 

By modifying the cleavage sequence of the F protein as described 
above, vectors may be infected to and proliferated in specific tissues 
and such which express a certain protease . However, one of the problems 

20 with paramyxoviral vectors is the secondary release of viruses 1 from 
cells, which occurs after the vector is introduced into a target cell. 
In a cell infected with replicative viruses, a virion is formed and 
daughter viruses are released. Therefore, viral particles also spread 
to sites other than the target tissue. Although viral particles 

25 comprising wild-type F proteins as described above . do not show 
. infectivity in the absence of trypsin-like enzymes, viral particles 
themselves are released from cells. For in vivo administration, the 
concern is that a viruses that has spread into the blood will spread 
to the entire body. Furthermore, release of virus-like particles 

30 (VLPs) has been observed from cells transfected with F gene-deficient 
SeV (Li, H.O. et al . , J . Virol. 74, 6564-6569., 2000; WO 00/70055; 
WO 00/70070) which lacks the replication ability. Infection to 
tissues other than the target tissue and induction of immune response 
are of concern with such secondary released particles. 

3 5 Accordingly, the present inventors discovered that 

paramyxovirus lacking the M gene among the viral envelope genes does 
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not show particle formation, but does allows for cell fusogenic 

• infection through the formation of a syncytium through the fusion 

of infected cells and cells contacting these infected cells (WO 

00/09700) . These M-deficient viruses are replicated in transfebted 

5 ' cells, and are delivered to adjacent cells in the presence of trypsin. 

However, this is a phenomenon that occurs only under conditions where 

F is cleaved and activated. In viruses comprising the wild-type F, 

protein, transfer of viruses will not occur under conditions without 

trypsin- like proteases . Thus, the present, inventors postulated that 

10 a novel vector which does not produce secondary released particles, 

and which can spread the infection only in a specific tissue, can 

be developed by modifying the tropismof the F protein in this 
1 i 

M-deficient virus. In particular, many infiltrating metastatic 

cancers are known to have enhanced activity of proteases, such as 

15 MMP, uPA, and tPA, which degrade ECNL Accordingly, the present 
, • inventors utilized the protease-depend.ent cell fusogenic infection 
of this M-deficient SeV and 'the phenomena of overexpression of MMP, 
uPA, and tPA in cancers in combination to prepare SeV vectors that 
specifically infect and spread to invasive metastatic cancers. 

20 An M-deficient virus lacks the M gene needed for particle 

formation. Therefore, viral particles are either not released or are 
extremely suppressed in such a virus. When conventional 
reconstitution methods are used to produce a recombinant virus having 
the ability to replicate (Kato, A. et al . , Genes Cells 1, 569-5^9, 

25 1996) , RNPs of the M-deficient virus can be prepared but infectious 
viral particles are not (WO 00/09700) . When using the M-deficient 
vector as a cancer therapeutic agent , it is extremely useful to prepare 
the M-deficient virus as an infectious viral particle. Therefore, 
the present inventors developed novel production methods for preparing 

30 M-deficient viruses as viral particles. 

To achieve the objective - to construct vectors with suppressed 
VLP release, the present inventors considered the use of 
temperature-sensitive mutations in the viral gene. Mutant viral 
strains that can be grown at. low but not high temperatures have been 

35 reported. The present inventors conceived that a mutant protein, 
particularly a mutant M protein, which suppresses virion formation 



at high temperature, could be used to suppress VLP formation in such 

a way that virus production could be carried out at a low temperature 

(for. example, at' 32°C) , but practical application of the virus, such 

as for gene .therapy, could be carried out at a higher temperature 

5 (for example', at 37°C) . For .this purpose, the present inventors 

constructed a recombinant F gene T def icient Sendai viral vector, which 

encodes mutant M and mutant HN proteins that have in total six 

temperature-sensitive mutations reported in M and HN proteins (threet 

for M protein, and three for HN protein) . VLP release for this virus 

10 was tested, and the level was determined to be about 1/10 or less 

of that of the wild-type virus.. Further, immunostaining with an anti-M 

antibody was used to analyze M protein subcellular localization in 

cells iii which the Sendai virus vector with .suppressed VLP release 

had been introduced. The results showed that introduction of virus 

i 

15 with suppressed VLP release significantly reduced M protein 
aggregation on cell surfaces as compared to cells containing the 
introduced wild-type virus. In particular, M protein condensation 
patterns 'were extremely reduced at a high temperature (38 °C) . The 
subcellular localization of M and HN proteins in cells infected with 

20 SeV containing a temperature -sensitive mutant M gene was closely 
examined using a confocal laser microscope. M protein localization 
on cell surfaces Was significantly reduced,, even at a low temperature 
(32°C) , and was observed to have morphology similar to that of a 
microtubule. At a high temperature (37°C) , the M protein was localized 

25 on the microtubules near the centrosome, that is, near the Golgi body. 
The addition of a microtubule-depolymerizing agent resulted in the 
disruption of the M protein localization structure. This occurred 
both in SeV comprising the temperature -sensitive M gene and in SeV 
comprising the wild-type M gene. This raised the possibility that 

3 0 M protein actually functions by localizing along microtubules . These 
findings confirm that the reduced level of secondary particle release 
in the case of viruses having temperature-sensitive mutations was 
due to insufficient intracellular localization of the M protein, a 
step believed to play a central role in particle formation. Thus, 

35 VLP formation can be effectively suppressed by preventing the normal 
intracellular localization of M protein. Furthermore, interaction 
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with microtubules may be important for M protein function. For example, 
• secondary particle release can be reduced through disruption of M 
protein subcellular localization, a step achieved using ' a gene 
mutation or pharmaceutical agent developed to inhibit M protein 
• 5 transport along microtubules from Golgi bodies into the. cell. In 
particular, the present inventors found that'recombinant viral vectors 
whose particle formation ability had been reduced or eliminated could . 
be provided by preparing viral vectors comprising a mutation leading 
to defective M protein localization. 

10 By deleting the M gene from the virus, the present inventors 

constructed a virus in which aggregation of M protein on the cell 
surface is completely suppressed in cells transf ected with the virus. 
For this purpose, the present inventors constructed helper cells that 
can inducibly express the wild-type M protein that may be used to 

15 produce M gene-deficient viruses. By using these cells,' collection 
, • of. viral particles, in whidh the RNP of, F-mbdif ied M gene-deficient 
viruses are enclosed in an envelope comprising the wild-type M protein, 
was accomplished for the first time. The . methods of the present 
invention enable the production of viral particles at a concentration 

20 of lx 10 8 PFU/mL or more, and therefore, recombinant viruses sufficient 
for practical use, particularly clinical use, are provided for the 
first time. Furthermore, the virus production system of this 
invention avoids the possibility of contamination by other viruses 
and enables the production of highly safe, high- titer vectors for. 

25 gene therapy. A practical F-modified M-def icient paramyxovirus was 
provided for the first time by using the M-def icient SeV production, 
system of this invention, which supplies the M protein in trans by 
utilizing M-expressing cells. 

The present inventors used infectious viral particles 

30 constructed as described above and verified the actual antitumor 
effect in vivo. M-def icient virus activated by matrix metalloprotease 
(MMP) , which shows enhanced activity in cancer, was administered to 
mice transplanted with cancer cells, and the virus was confirmed to 
spread throughout the cancer tissues via cell fusogenic infection. 

35 In cancers to which wild-type virus was administered, the virus was 
limited to the injected site even after several days. In contrast, 



the vector of this invention showed high permeability towards cancer 
tissues, ■ and the vector spread throughout the entire cancer. The 
suppressive effect of the present vectors against proliferation of 
cancer was, apparent when compared to the; controls without virus 
5 administration or administration . of the- wild-type virus. Vectors 
targeting MM^-expressing cells have also been produced to date using 
retroviruses (Peng, K.-W. et al . , Human Gene Therapy 8 , 729-738, 1997; 
Peng, K.-W.'et al ; , Gene Therapy 6, 1552-1557, 1999; Mattin, F. et' 
al., J. Virol... 73., 6923-6929,. 1999). However, they utilize a 

10 completely different design for the recognition sequencei from that 
of the present invention. Furthermore,' the objectives of these 
reports are specific infection of cancer tissues - that is, only 
targeting. Thus, vectors that specif ically (intracellularly) spread 
infection through' cancer tissues are provided for the first time by 

15 this invention: 

Furthermore, the present inventors succeeded in preparing viral 
particles with uncleaved F protein on the viral surface (F-uncleaved 
virus) by controlling the addition of protease during viral particle 
production. As is, these viruses do not have infectivity; however, 

20 they display specif ic infectivity upon treatment with a protease- that 
cleaves the F protein on the viral, surface, or upon addition of the 
viruses to 'cells in the presence of such .protease . Such indu'cibly 
infectious viral vectors enable infection of vectors specifically 
into cancer cells producing a particular protease. 

25 Moreover, the present inventors successfully employed the 

wild- type F protein in the preparation of a vector comprising a modified 
F gene to develop a method for producing viral particles utilizing 
a protease that cleaves the wild-type F protein during vector 
preparation. According to this method, virus amplification can be 

30 performed using helper cells expressing the wild-type F protein and 
an enzyme, such as trypsin, that cleaves the wild-type F protein. 
The obtained viral particles comprise the cleaved wild-type F protein 
in their envelope and have infectivity. However, due to the modified 
F gene, wherein the cleavage site of the F protein is modified encoded 

3 5 by the viral genome, the infection spreads only in the presence of 
a particular protease. This method of preparing viruses using the 



wild-type F protein is advantageous since it allows production of 
viral particles without depending on the modified F gene to be 
integrated into the vector genome. 

As described above, the present invent ion provides vectors whose 
infection spreads only in the presence of a protease expressed in 
a specific tissue, such as a cancer tissue . The vectors of this 
invention do not produce significant quantities of viral particles 
but instead transfer vectors to surrounding cells by cell fusion. 
The vectors of this invention that acquire inf ectivity by proteases 
whose activity is particularly enhanced in cancers have, strong 
suppressive effects toward tumor growth. Thus, gene therapy of 
cancers using these vectors is considered to be extremely effective. 

Therefore, the present invention relates to cell fusion vectors 
whose protease -dependent tropism has been modified, and methods for 
producing the same, and such. Specifically, the present invention 
relates to: ' 

[1] a complex comprising a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding an M protein is mutated . or deleted, and 

(b) a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild- type F protein, is encoded, the complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
the cell transfected with the complex in the presence of the protease ; 

[2] the complex of [1] , which is a viral particle; 
[3] the complex of [2] , further comprising the wild-type F 
protein; 

[4] the complex of any one of [1] to [3] , wherein the paramyxovirus 
is Sendai virus; 

[5] the complex of any one of [1] to [4] , wherein the protease 
is a protease whose activity is enhanced in cancer; 

[6] the complex of any one of [1] to [5] , wherein the protease 



is a mattix metallbpr.oteinase or plasminogen activator; 

[7} the complex of any one of [1] to [6] , ( wherein the sequence 
cleaved by the« * protease comprises Pro-Leu-Gly, Pro-Gln-Gly, or 
Val-Gly-Arg;., 

5 [8].. the* complex of any one of [1] to* [7] , wherein a cytoplasmic 

domain of the'wild-type F protein* is partially deleted in the modified 
F protein; 

[9] the complex of any one of [1] to [8] , wherein the modified* 
F protein is fused with an HN protein; 

10 [10] a method for producing a viral particle whichi comprises 

a genomic RNA of paramyxovirus wherein (a) a nucleic acid encoding 
an M protein is mutated or deleted^ and (b) 3 modified F protein, 
whose cleavage site sequence, is substituted. with a sequence that can 
be cleaved by a protease that does not cleave the wild- type F' protein, 

15 is encoded'; Wherein the viral particle : (1) has the ability to replicate 
the genomic RNA, in a cell to which the viral particle has been 
introduced; (2) shows a significant decrease in or lack of production 
of viral. particles in the intrahost environment ; and (3) has the ability 
to introduce the genomic RNA into a cell that contacts with the cell 

20 transfected with the viral particle comprising the genomic RNA in 
the presence of the protease; wherein the method comprises the steps 

Of: ' , , ♦ 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing wild-type 

25 M protein of paramyxovirus; ' and 

(ii) collecting viral particles released into the cell, culture 
supernatant; 

[11] a method for producing a viral particle which comprises 
a genomic RNA of paramyxovirus wherein (a) a conditionally mutated 

30 M protein is encoded, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild- type F protein, is encoded; 
wherein the viral particle : (1) has the ability to replicate the genomic 
RNA in a cell to which the viral particle has been introduced; (2) 

35 shows a significant decrease in or lack of production of viral particles 
in the intrahost environment; and (3) has the ability to introduce 
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the genomic RNA into a cell that contacts with the cell transf ect'ed 
with the vii:al particle comprising the genomic, RNA in the presence 
of the protease 1 ;' wherein the method comprises the steps of: 

(i) amplif ying RNP, which comprises- .the N, P, and L proteins 
5 of the paramyxovirus and the genomic RNA / j in cells, under .permissive 

conditions for the mutant M protein; and 

(ii) collecting viral particles released into the cell culture 
supernatant; , 1 ' 

[12] the method of [10] or. [11] , wherein step (i) is performed 
10 at 35°C or below; 1 . 

[13] the method of [10] or [11] , further comprising the step 
of presenting the protease that cleaves the; modified F protein during 
at least either of steps (i) or (ii) ; or the step of treating the 
viral particle collected in step, (ii,j ( with the protease;' 
15 [14]' the method of [10] or [11] , wh^ich further comprises the 

steps of expressing the wild-type F protein of paramyxovirus in the 
cell during step (i) ; and presenting the protease that cleaves the 
wild-type' F. protein during at least either of steps (i) or (ii) ; or 
the step of treating the viral particle collected in step (ii) with 
20 the protease; 

[15] a therapeutic composition for cancer comprising the complex 
of [5] and a pharmaceutically .acceptable' carrier; 

[16] a recombinant modified. paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
25 showing cell f usogenicity in the presence of matrix metalloproteinase 
or plasminogen activator; 

[17] a nucleic acid encoding the protein of [16]; 
[18] a viral particle comprising the protein of [16] or a nucleic 
acid encoding the protein; 
30 [19] a fusion protein having cell fusogenic activity and 

comprising the transmembrane regions of the paramyxoviral F protein 
and HN protein, wherein the proteins are bound to each other on the 
cytoplasmic side; 

[20] the fusion protein of [19] , wherein the sequence of the 
35 cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein; 
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[21] a nucleic acid encoding the protein of [19] ; 
[22] a vector which comprising the nucleic acid of [21] ; and 
[23] a viral particle comprising the protein of [19] oranucleic 
acid encoding the protein. ' • 

.5 ' 

In the present invention, the term -'paramyxovirus" refers to 
viruses that belong to the family Paramyxoviridae, and to' viruses 
derived from them. Paramyxovirus, is a virus group characterized by 
a non-segmented negative strand RNA genome, and including the 

10 subfamily Paramyxovirinae (comprising t'he genus Paramyxovirus (also 
called the genus Respiro virus, the genus Rxibulavirus and the genus 
Morbillivirus) , and the subfamily Pneumovirinae (comprising the genus 
Pneumovirus and the genus Metapneumovirus) . Specifically, 
paramyxoviruses to which the present invention can be applied include 

15 the Sendai virus , Newcastle disease virus , mumps virus, measles virus, 
RS virus (Respiratory syncytial virus) , rinderpest virus, distemper 
virus, simian parainfluenza virus (SV5) , and human parainfluenza virus 
type 1, 2, and 3, etc. More specifically, for example, the Sendai 
virus (SeV) , human parainfluenza virus-1 (HPIV-1) , human 

20 parainfluenza virus-3 (HPIV-3) ,'phocine distemper virus (PDV) , canine 
distemper virus (CDV).,. dolphin molbillivirus (DMV) , 
peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) , Hendra virus (Hendra) , Nipah virus (Nipah) , 
human parainfluenza virus-2 (HPIV-2) , simian parainfluenza virufe 5 

25 (SV5) , human parainfluenza virus-4a (HPIV-4a) , human parainfluenza 
virus-4b (HPIV-4b) , mumps virus (Mumps) , and Newcastle disease virus 
(NDV) are included. More preferably, examples include viruses 
selected from the group consisting of Sendai virus (SeV), human 
parainfluenza virus-1 (HPIV-1) , human parainfluenza virus-3 (HPIV-3), 

3 0 phocine distemper virus (PDV) , canine distemper virus (CDV) , dolphin 
molbillivirus (DMV) , peste-des-petits-ruminants virus (PDPR) , 
measles virus (MV) , rinderpest virus (RPV) , Hendra virus (Hendra) , 
and Nipah virus (Nipah) . - The viruses of the present invention 
preferably belong to the subfamily Paramyxovirinae (comprising the 

3 5 genus Respirovirus t the genus Rubulavirus and the genus Morbilli virus) , 
and more preferably to the genus Respirovirus (also called the genus. 
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Paramyxovirus) , Examples of virtises of the genus Respirovirus to 
which thepre.sent invention, can be applied include human parainfluenza 
virus type 1 (HPlV-l) , human parainfluenza virus type 3 (HPIV-3)., 
bovine parainfluenza* virus type 3 (BPIV-3) , Sendai virus (also called 
5 murine parainfluenza virus type l)v simian parainfluenza .virus type 
10 (SPIV-10).,' etc . The paramyxovirus of the present invention is most 
preferably the Sendai virus . These viruses may be derived from natural 
strains, wild,- type strains/ mutant strains, laboratory-passaged • 
strains, artificially constructed strains 1 , etc. 

10 The phrases "recombinant protein" and "recombinant virus" refer 

to proteins and viruses produced via recombinant polynucleotides, 
respectively. .The phrase "recombinant polynuqleotide" refers to a 
polynucleotide that is not bonded as in . nature . Specifically, 
recombinant .^polynucleotides . comprise polynucleotide^ whose 

15 polynucleotide strand has been recombined artificially , and synthetic 
polynucleotides. Recombinant polynucleotides can be produced using 
conventional gene recombination methods by combining the processes 
of polynucleotide synthesis, nuclease treatment, ligase treatment, 
and such. Recombinant proteins can be produced by expressing 

20 recombinant polynucleotides encoding the proteins. Recombinant 

viruses can be produced by the steps of: expressing a polynucleotide 

.■*■'«'■ .* 
encoding^ the viral genome, .which is ♦ constructed by genetic 

engineering; and then reconstituting' the virus. 

The term "gene" used herein refers. to a genetic substance, which 

25 includes nucleic acids such asRNA, DNA, etc . In the present invention, 
a nucleic acid encoding a protein is called a protein gene. However, 
a gene need not necessarily encode a protein; for example, it may 
encode a functional RNA such as a ribozyme, antisense RNA, etc. A 
gene may have a naturally derived or artificially designed sequence. 

30 Herein, the term "DNA" encompasses both single-stranded DNA and 
double -stranded DNA. The phrase "encoding a protein" indicates that 
a polynucleotide comprises an antisense or sense ORF, which encodes 
a protein amino acid sequence, such that the polynucleotide can be 
expressed under suitable conditions. 

35 The present invention provides cell fusion vectors having 

replicative ability whose, protease-dependent tropism has been 
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modified. In an intrahost environment, such vectors do not release 
significant quantities of virus-like particle's after transfection 
into cells, and infiltrate into surrounding cells only in the presence 
of a certain protease. Specifically, the vectors of the prefeent 
invention include: 

a complex which comprises a genomic 'RNA of paramyxovirus wherein 
(a) a nucleic acid encoding an M protein: is mutated or deleted, and 
whereiri (b) a modified 1 F protein, whose* cleavage site sequence is. 
substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild- type F protein, is encoded, and which comprises 
the following properties: ■ 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 

(2) a significant decrease in or ^ack of production of viral 
particles in the intrahost environment'; and 

(.3) the ability to introduce the $NA into a cell that contacts 
with the cell transfected with the complex only in the presence of 
the protease. Since such a complex has the function of replicating 
the genomic RNA and transferring it to neighboring cells, it is also 
called a vector in the present invention 1 . The term "vector" refers 
to carriers that transfer nucleic acids into cells. 

More specifically, the above complex comprises the genomic RNA 
of paramyxovirus and viral proteins that bind to this RNA. The 
complexes of the present invention can consist of, for example, the 
genomic RNA of paramyxoviruses, and the viral proteins, i.e., the 
ribonucleoprotein (RNP) . RNPs can be introduced into target cells, 
for example, in combination with a desired transfection reagent . Such 
RNPs are, more specifically, complexes comprising the genomic RNAs 
of paramyxoviruses , N proteins, P proteins, and L proteins . When RNPs 
are introduced into cells, the viral proteins work to transcribe 
cistrons encoding viral proteins from the genomic RNA; in addition, 
the genome itself is replicated and daughter RNPs are produced. 
Replication of the genomic RNA can be confirmed by detecting an increase 
in RNA copy number using RT-PCR, Northern hybridization, or such. 

More preferably, the above -described complex is a virus particle 
of a paramyxovirus. The phrase "virus particle" refers to a 
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nucleic-.kcid-cpntaining minute particle that is released from a cell 
by the action of viral proteins. Virus particj.es can take various 
forms, e.g. , that of spheres or rods., depending on the viral species. 
They are significantly smaller than cells., generally in the range 
5 of about .10 rim to. about 800 nm. Paramyxovirus viral particles are 
structured s\ich t that. the above-mentioned RNP comprises the genomic 
RNA and viral proteins, and is enclosed by a lipid membrane (or 
envelope) derived from the cell membrane. The viral patticles may 
or may not show infect ivity" (infra) . For example, some viral particles 

10 do not show infectivity as they are, but acquire infectivity upon 
specific treatment. , • 

The phrase "genomic RNA of paramyxovirus" refers to RNA that 
has the ability to form RNP with proteins of paramyxovirus and express 
genes from the genome using these proteins to replicate thfe nucleic 

15 acids and form daughter RNPs. The paramyxovirus has as its genome 
a negative single- stranded RNA, a kind of RNA that encodes genes in 
the antisense mode. In general, paramyxovirus genomes comprise viral 
genes in antisense series between the 3 1 -leader region and the 
5' -trailer region. Between the open reading frames (ORFs) for each 

20 gene, a series of sequences is present:. a transcription termination 
sequence. (E sequence) , an intervening sequence (I sequence), and a 
transcription initiation sequence (S sequence) . Thus, the RNA 
encoding each gene' s ORF is transcribed'as a separate cistron. Genomic 
RNAs included in the vectors of this invention encode (in antisense 

25 mode) nucleocapsid (N) , phosphor (P) , and large (L) proteins. These 
proteins are necessary for the expression of genes encoded by the 
RNAs, and for autonomous replication of the RNA themselves. 
Furthermore, the RNAs encode the fusion (F) protein, which induces 
cell membrane fusion necessary for spreading the RNA to neighboring 

30 cells, in an antisense orientation. Preferably, the genomic RNAs 
further encode the hemagglutinin-neuraminidase (HN or H) protein in 
an antisense orientation. However, in certain cells, the HN pirotein 
is not necessary for infection (Markwell, M.A. et al . , Proc. Natl. 
Acad. Sci. USA 82(4), 978-982, 1985) and infection is accomplished 

35 with the F protein alone. Furthermore, vectors can be infected to 
cells by using proteins other than HN that binds to cells, combined 
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with the F protein. Therefore, the vectors of this invention can be 
. constructed using genomic RNAs that do not encode the HN gene. 

Genes of viruses belonging to the subfamily Paramyxovirinae are 
represented in general as below : The N gene is also generally described 
5 ' as the "NP" . 

r 



Genus 


Respirovirus 


NP 


P/C/V 


M 


: F 


HN 


L 


Genus 


Rubulavirus 


. NP 


P/V 


M . 


' F 


HN 


(SH) L 


Genus 


Morbillivirus 


NP, 


P/C/V 


M 


F 


H 


L 



For example, database accession numbers for nucleotide 

sequences of Sendai virus genes classified as Respiroviruses within 

i ■ 

10' the Paramyxoviridae family are: M29343, M30202, M30203 , M30204 , M51331, 
M55565, M69046 and X17218 for the NP gene; M30202, M30203, M30204, 
M55565, M69046, X00583, X17007 and X17008 for the P gene; D11446, 
, K02742, M30202, M30203, M30204, M69046, U31956, X00584 and X53056 
for theMgene; D00152, D1144G, D17334, D17335, M30202, M30203, M30204, 

15 M69046, X00152 and X02131 for the F gene; D26475, M12397-; M30202, 
M30203, M30204, M69046, X00586, X02808 and X56131 for the HN gene; 
and D00053, M30202, M30203, M30204, M69040, X00587 and X58886 for 
the L gene. Accession numbers for virus genes encoded by additional 
viruses are exemplified below: AF014953 (CDV) , X75961 (DMV) , D01070 

t 

20 (HPIV-1) , M55320 (HPIV-2), D10025 (HPIV-3) , X85128 (Mapuera) , D86172 
(Mumps), K01711 (MV) , AF064091 (NDV) , X74443 (PDPR) , X75717 (PDV) , 
X68311 (RPV) , X00087 (SeV) , M81442 (SV5) and AF079780 (Tupaia) for 
Ngene; X51869 (CDV), Z47758 (DMV) , M74081 (HPIV-1), X04721 (HPIV-3 ) , 
M55975 (HPIV-4a) , M55976 (HPIV-4b) , D86173 (Mumps), M89920 (MV) , 
25 M20302 (NDV) , X75960 (PDV) , X68311 (RPV) , M30202 (SeV) , AF052755 (SV5) , 
andAF079780 (Tupaia) for P gene; AF014953 (CDV), Z47758 (DMV), M74081 
(HPIV-1) , D00047 (HPIV-3) , AB016162 (MV) , X68311 (RPV) , AB005796 (SeV), 
andAF079780 (Tupaia) for C gene; M12669 (CDV) , Z30087 (DMV), S38067 
(HPIV-1), M62734 (HPIV-2), D00130 (HPIV-3), D10241 (HPIV-4a) , D10242 
30 (HPIV-4b) , D86171 (Mumps), AB012948 (MV) , AF089819 (NDV), Z47977 
(PDPR) , X75717 (PDV) , M34018 (RPV) , U31956 (SeV) , and M32248 (SV5) 
for M gene; M21849 (CDV), AJ224704 (DMV), M22347 (HPN-1) , M60182 
(HPIV-2) , X05303 (HPIV-3) , D49821 (HPIV-4a) , D49822 (HPIV-4b) , D86169 
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(Mumps) , -ABO 03 1,78 (MV) , AF048763 (NDV) , Z37017. (PDPR) , AJ224706 (PDV) , 
M21514 (RPV) , D17334 (SeV),, and AB021962 (SV5) for F gene; AF112189 
(CDV) , AJ224705 » (DMV) , U709498 (HPIV-1) , D000865 (HPIV-2), AB012132 
(HPIV-3), 1^13.4033 (HPIV-4A) , AB006954 (HRIV-4B)., X99040 (Mumps) , 
5 K01711 (MV) , AF204872 (NDV) , Z81358 (PDPR) , Z36979 (PDV), AF132934 
(RPV), U06433 (SeV) , and S76876, (SV-5) for HN (H or G) gene. More 
than one strain is known for each of the viral species, and genes 
comprising sequences other than .those shown above may exist depending* 
on different strains. , 

10 The ORFs of these viral proteins are positioned in an antisen.se 

orientation via the above ^described- E- I -S sequence on the genomic 
RNA. On the. genomic RNA, the ORF closest tp th^ 3' -end requires only 
the S sequence between the 3' -leader region and the ORF,' and not the 
E and I sequence's. On the other hand, t ' the', ORF closest to the 5' -end 

15 on the gendmic RNA requires only the E sequence between the 5' - trailer 
region and the ORF, and not the I and S sequences. Two ORFs can be 
transcribed as the same cistron using sequences such as IRES. In such 
cases, the E-I-S sequence is not necessary between these two ORFs. 
In the wild- type paramyxovirus,, a typical RNA genome has a 3' - leader 

20 region followed by a sequence of six ORFs encoding the N, P, M, F, 
HN, and L proteins in this order in antisense orientation, followed 
by a 5' -trailer region at the otl^er end. Qn the genomic RNAs of this 
invention, the configuration of the viral gene is not limited thereto; 
however, it is preferred to localize behind the 3' leader region the 

25 ORFs encoding the N, P, (M, ) F, HN, and L proteins in this order followed 
by a 5/ -trailer region similar to the wild-type virus. In a certain 
type of paramyxovirus, the number of viral genes is not six. However, 
even in such cases, each viral gene can be positioned similarly to 
the wild- type as described above, or they can be appropriately changed. 

30 The ORF of the M protein will be described later. However, according 
to one embodiment of the vectors of this invention, the ORF may be 
excluded or may encode a mutant M protein. Furthermore, in another 
embodiment of the vector of this invention, the cleavage site of the 
F protein encoded by the genome is modified to a sequence that is 

35 cleaved by a protease that does not cleave the wild-type F protein 
(infra) . The genomic RNA of this invention may also encode one or 
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more foreign genes. Any objective gene desired to be expressed in 
. a target cell can be used as the foreign gene.- The foreign gene is 
preferably inserted at sites in the noncoding region of the 'genome . 
For example, it may be inserted between the 3' - leader region and viral 
. .5 ' protein ORF closest to the 3' -end, between each of the viral protein 
ORFs, and/or between the viral protein ORFiclosest to the 5' -end and 
the 5' -trailer region. In an M gene-def Icient -genome , insertion can 
't, be made in the deficient region. .When transferring a foreign genie 

to a paramyxovirus, preferably, . the polynucleotide of the insertion 

10 fragment placed into the genome has a ch&in length that is a multiple 
of 6 (Journal of Virology 67 (8)., 4822-4830, 19'9*3) .. The E- 1 -S sequence 
is placed between the inserted foreign gene and the viral ORF. 
Alternatively, the foreign gene may be inserted via IRES. 

The expression level of the foreign gene can be adjusted by the 

15 type of transcription initiation sequence added upstream of the gene 
(the 3 ' -side of the negative strand) (W0 ( 01/18223 ) . Furthermore, the 
expression level can be regulated depending on the insertion position 
of the foreign gene in the genome. The closer the foreign gene is 
to the 3' -end of the negative strand, the higher the expression level 

20 of the foreign gene will be; sitnilarly, the closer the foreign gene 
is to the 5' -end, the lower the expression level becomes. Therefore, 
the insertion site of the foreign gene can be adjusted appropriately 
to obtain a desired expression level of the foreign gene and an 
optimized combination with the upstream and downstream genes encoding 

25 viral proteins. Generally, high expression levels are considered 
advantageous for foreign genes. Therefore, the foreign gene is 
preferably linked to a highly efficient transcription initiation 
sequence, and inserted near the 3' -end of the negative strand genome. 
More specifically, it is preferably inserted between the 3' -leader 

3 0 region and the viral protein ORF closest to the 3 ' -end. Alternatively, 
the foreign gene may be inserted between the viral gene ORF closest 
to the 3 '-end and the ORF of the secondly closest gene. Conversely, 
when high expression level of the transferred gene is not preferred, 
the expression level from the viral vector can be reduced by, for 

35 example, designing the insertion position of the gene in the vector 
to be as close as possible to the 5' - side of the negative strand genome, 
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« II , 
or using'a transcription initiation sequence with a low efficiency, 

for an appropriate effect, to arise. , 

Any viral »^enes included, in the vector, of this invention may 

i 

be modified from wild-type genes in order, to, for example, reduce 
5 the immunocjehicity of the viral proteins, or, to enhance RNA 
transcriptiph and replication efficiency. Specifically, in 
paramyxoviral vectors, for example, transcription or replication 
functions can be enhanced by modifying at least one of the Replication • 
factors: N, P, and L genes.' The structural prptein HN comprises both 

10 hemagglutinin And neuraminidase activities. If, for example, the 
activity of the former can be reduced, the stability of the virus 
in blood can be enhanced. On the other h^nd, ,if, for example, the 
activity of the latter can be modified, infectivity can be regulated. 
In addition, , membrane fusion and/or particle formation ability can 

15 be regulated by modifying the F protein and its domains, apart from 
the cleavage s;ite. For example, by using analysis of the 
antigen-presenting epitopes and such of possible cell surface 
antigenic* molecules, such as the F and HN proteins, a viral vector 
with weakened antigen-presenting ability against these proteins can 

20 be created. 

Vectors with deficient accessory genes can be used as the vectors 
of the present invention. For example, by knocking out the V gene, 
an SeV accessory gene, SeV pathogenicity to hosts such as mice' can 
be markedly decreased without damaging gene expression and replication 

25 in cultured cells (Kato, A. et al . . , J. Virol. 71, 7266-7272, 1997; 
Kato, A. et al . EMBO J. 16, 578-587, 1997,; Curran, J. et.al., WO 
01/04272 , EP 1067179) . Such attenuated vectors are preferred as viral 
vectors for in vivo or ex vivo nontoxic gene transfer. 

In a preferred embodiment , the complexes of the present invention 

30 are substantially homogeneous. The phrase "substantially 
homogeneous" complex refers to complexes that are isolated from a 
paramyxoviral RNP or viral particle which is not a complex of this 
invention. That is, the substantially homogeneous complexes of this 
invention do not comprise other paramyxovirus RNP or viral particles 

35 that possess particle-forming ability. Herein, the phrase 
"particle- forming ability" refers to the ability of a vector to release 



infectious and/or noninfectious viral particles (called virus-like 
particles) in cells infected with the viral vector, a procfess referred 
to as "secondary release". Furthermore,' the complexes 6f this 
invention with modified cleavage site of the F protein do not comprise 
viral RNPs comprising genes that encode the wild-type F protein or 
an F protein having a similar fusion activity thereto in the genome, 
nor viral particles comprising this genome. • 

According to an embodiment of this invention, the cleavage site 
sequence of the F protein encoded by the above-mentioned genomic RNA 
is substituted by a sequence that is cleaved by another protease. 
The F protein of paramyxovirus- (FO) itself does not show cell membrane 
fusion activity in its original form. However, upon cleavage of the 
extracellular domain of the FO fragment (or the outer domain of the 
viral particle) , it exhibits its fusion'activity. The two F protein 
fragments, N-terminal side and C- terminal side fragments, resulting 
frpm the cleavage are called Fl and F2, Respectively, and are bonded 
together via a disulfide bond. Cleaving the F protein involves 
cleaving the F protein on the membrane at a domain outside the membrane, 
thereby resulting in the generation of fragments with cell 
fusogenicity . The phrase "cleavage site sequence" refers to an amino 
acid sequence required for the cleavage by a protease or essential 
residues therein. The cleavage sites of the paramyxovirus F protein 
are known in the art, and may be cleaved by trypsin-like intracellular 
proteases, such as furin. ' 

Furins generally exist in the Golgi body of most cells. The 
recognition motif of furin is Arg-X-Lys/Arg-Arg (RXK/RR) (separation 
of two amino acids by means either one of the amino acids) . Highly 
pathogenic Human PIV3 (RTKR) , SV5 (RRRR) , Mumps virus (RHKR) , NDV 
(virulent strain) highly virulent strain (RQR/KR) , Measles virus 
(RHKR), RS virus (RKRR) , and such comprise the sequences of these 
motifs at their cleavage sites. The F protein of highly virulent 
strains is sensitive to proteases present in all cells, and viruses 
of this strain undergo multi-step proliferation upon cleavage of the 
F protein in all organs . Thus , the infection of these viruses is fatal . 
On the other hand, Sendai virus (PQSR) , Human PIV1 (PQSR), and NDV 
(avirulent strain) weakly virulent strain (K/RQG/SR) with low 
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virulence do not comprise this motif, but onlyArg, which is the serine 
protease 1 recognition sequence. The sequences of the F protein 
cleavage sites of paramyxovirus are. well analyzed, and those skilled 
in the art, can recognize them by appropriately referring to the 
5 literature ( (see,, for example/ "Uirusu-gaku (Virology)",. Hatanaka, 
M. ed., Tokyfa, Asakura Shoten, »247-248, 1997). 

Furthermore, a cleavage site can be confirmed by identifying 
the cleavage s.ite of an F protein of a virus grown in cell's, tissues,* 
individuals, or such where the paramyxovirus can proliferate, or the 

10 F protein collected by expressing them in these cells, individuals, 
or such. Alternatively, the F protein can be cleaved artificially 
and identified. by treating the F protein expressed on the cell surface 
with a protease such as trypsin, which cleaves the cleavage site of 
the protein., ( According to an embodiment;', of this inventidn, the F 

15 protein comprises modified, F protein cleavage site that maybe cleaved 
by another protease . To accomplish this, the native cleavage sequence 
of the F protein is modified by replacing, deleting, and/or inserting 
one or more. amino acids to reconstitute a sequence that is cleaved 
by another protease. Modification of the amino acid sequence can be 

20 performed by conventional site-directed mutagenesis methods'. In 
addition, the modified F protein may maintain the property of being 
cleaved by proteases (such as .trypsin) which cleave the wild-type 
F protein (see Examples) . Vectors encoding such modified F protieins 
show enhanced protease-dependent tropism as compared to the wild- type 

25 F protein. 

Sequences cleaved by another protease may be those cleaved by 
a preferable proteases. For example, sequences that are cleaved by 
a protease selectively expressed in tissues or cells which serve as 
the preferred target for vector introduction may be used (WO 01/20989) . 

30 By designing a vector using an F. protein gene comprising a sequence 
cleaved by a protease that is active in the target tissues as described 
above, the excellent property for proliferating and transferring the 
vector specifically to surrounding cells under conditions where this 
protease activity exists can be realized. For example, by employing 

35 a cleavage sequence of a protease specifically expressed or activated 
in particular tissues, vectors that specifically infiltrate only 



within those tissues may be constructed. Furthermore, by utilizing 

• the cleavage sequence of a protease that is specifically expressed 

or activated under certain conditions, such as a disease, Vectors 

that specif ically infiltrate under such conditions (for example', bnly 

■5 ' within the lesion of a specific disease) can be constructed. Both 

Intracellular and extracellular protease's may be utilized. For 

• • • • 

example., proteases secreted to the ceill exterior, and membrane . 

proteases, expressed, on the membrane surface are preferred. 

Alternatively, the selected protease may be any desired protease that 

.10 exists within the transport pathway of the F protein, starting from 

intracellular translation to- secretion on the cell, surf ace . 

A large number of disorders are caused by aberrant expression 

• of protease genes, including, for example, disorders belonging to 

all categories of general pathology, such as metabolic disorders, 

15 circulatory disorders, inflammation and immunologic' disorders, 

, . infections, and malignant t'umors . Specif ic examples include calpain 

in muscular dystrophy, destruction of the ubiquitin-proteasome system 

in autoimmune diseases and neural disorders, decreased expression 

of neprilysin in Alzheimer's disease, enhanced expression of MMP in 

20 infiltration and metastasis of cancer, pathogen-derived protease from 

pathogenic microorganisms, serine protease in hemostatic mechanism, 

and aminopeptidase in the placenta. 

Calpain, a calcium-dependent cysteine protease, has been 

studied as an enzyme involved in muscle proteolysis of muscular 

25 dystrophy. Calpain undergoes a specific activation mechanism in which 

activation occurs due to binding with calcium, and is considered to 

trigger muscle proteolysis by limited intracellular degradation of 

proteins important for structural maintenance of skeletal muscles, 

such as ot-actinin, troponin, and connectin. Regarding the cleavage . 

30 sequence for calpain (Karlsson, J.O. et al . , CellBiol. Int. 24, 235-243, 

2 000) , Leu-Leu-Val-Tyr and such are used as the degradation substrate. 

The ubiquitin-proteasome system is a selective and active 

intracellular proteolysis mechanism, and an important cell function 

regulatory system for signal transduction, cell cycle, and such. 

35 Ubiquitin consists of 76 amino acids, and is covalently bonded to 

a protein by continuous catalytic action via the ubiquitin activating 



enzyme (til) , ub^quit in binding enzyme (E2 ) , and ubiquitin ligase (E3) . 
The ubiquitinated protein is degraded by the 26S l proteasome . Several 
hundred types of E3 enzymes ar.e known to exist and are categorized 
roughly into.HECT type and RING finger type. Abnormal activities of 
these enzymes' have been implicated in a' large number of diseases. 
For example, ' Leu-Leu-Val-Tyr is used as the degradation substrate 
of the 26S proteasome (Reinheckel, T. et al . , Arch. Biochem. Biophys . 
377, 65-68, ' 2000) i ■ ' • 

Articular disorders, such as chronic rheumatoid arthritis, 
cause dyskinesia by the destruction of articular cartilage tissues. 
The regeneration ability of articular cartilage is extremely low, 
and destruction of the cartilage conformation by extracellular matrix 
degradation leads to progressive articular destruction.' The 
relationship between MMP and "a disii^tegrin and metalloprbteinase" 
(ADAM) molecule of related gene family is of interest in such 
destruction of , the extracellular matrix of the cartilage. In 
particular, ADAMTS (ADAM with thrbmbospondin motif) molecule is 
considered to be an enzyme necessary for degrading cartilage 
proteoglycan (aggrecan) (Tortorella, M.D. et al . , Science 284, 
1664-1666, 1999) . The sequence leading to aggrecan degradation by 
ADAMTS has been identified (Tortorella, M.D. et al . , J. Biol. Chem. 
275, 18566-18573,' 2000) . 

Using the recognition sequence's of these proteases, vectors 
specific to tissues that express these proteases can be prepared. 

Particularly preferred protease cleavage sequences of this 
invention include those of proteases whose activity is enhanced in 
cancier. By constructing vectors using such sequences, vectors that 
specifically infect cancer tissues can be constructed. Such vectors 
are extremely useful as gene transfer vectors for cancer therapy. 
Proteases with "enhanced activity" in cancer are those that show 
enhanced activity in certain cancer tissues or cancer cells as compared 
to the activity in the corresponding normal tissues or normal cells. 
Herein, the phrase "enhanced activity" includes enhancement of the 
protease expression level and/or activity itself. The protease 
expression level can be measured by, for example, Northern 
hybridization using gene fragments of the protease as the probe, RT-PCR 
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using a . primer that specifically amplifies the protease gene, or 

■ Western blotting, ELISA, and immunoprecipitation usin§ antibodies 

against the protease. The activity of the protease can be determined 

by degradation assay using substrates of the protease. Many in Vivo 

-5 ' proteases whose activity is regulated by. various inhibitory factors 

'are known in the art. .The activity level 'of proteases can also be 

determined by measuring the expression: level of these inhibitory. 

factors. 1 

For. example, the extracellular matrix (ECM) degradation enzyme 

,10 activity is particularly enhanced in metastatic cancer (Nakajima, 

M. and Chop, A.M., Semin. Cancer Biol. 2, 115-127, 1991; Duffy, M.J., 

Clin. Exp. Metastasis 10, 145-155, 1992; Nakajima, M. "Extracellular 

i- . " 
matrix degradation enzyme (Japanese)", Seikr, M. ed., "Malignant 

■ . - 

transformation and metastasis of cancer" ). t Chugai Igaku, 124-136, 1993) . 

15 In animals, matrices comprising proteins such as cbllagen and 
proteoglycan are formed ih the space ,between cells. Specifically 
known components of the extracellular matrix include collagen, 
fibronectin, laminin, tenascin, elastin, proteoglycan, and such. 
These ECMs have the function of regulating adhesion, development, 

20 transfer, and such of cells, as well as regulating the distribution 
and, activity of soluble factors via binding thereto. Infiltration 
of ECM by ECM degradation enzymes is deeply involved in cancer 
metastasis, and many reports have demonstrated that inhibitors of 
ECM degradation enzymes can inhibit metastasis or infiltration * to 

25 the basal membrane. Vectors that specifically infect and infiltrate 
cancer tissues can be constructed by encoding a modified. F protein, 
having a recognition sequence for cleavage by ECM degradation enzyme 
at its cleavage site. 

ECM degradation enzymes are categorized into aspartic acid 

30 proteases, cysteine proteases , serine protease , and metalloproteases , 
depending on the kind of catalytic residues at their active center. 
In particular, for ECM degradation in vivo, serine proteases and 
metalloproteases, which are neutral proteases, play a central role. 
Serine proteases are widely distributed in microorganisms, animals, 

35 plants, and such. In higher animals, they are involved in many 
biological reactions, including, for example, food digestion, blood 
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coagulation,, fibrinolysis, immune complement reaction, cell 
proliferation, ontogeny, ( differentiation, ( senescence, cancer 
metastasis, and 'such. Furthermore,, the activity of serine protease 
is generally ..regulated by a serine protease, inhibitor (serpin) which 
5 generally exists within plasma and- tissues, and quantitative or 
qualitative 'abnormalities of the inhibitor are known to cause 
inflammation and such. 

ECM-degrading serine proteases include cathepsin G, elastase,i 
plasmm, plasminogen activator,, tumor trypsin, chymotrypsin-like 

10 neutral proteinase, thrombin, etc. Plasmin' is produced by limited 
degradation of plasminogen existing* in vivo in the inactive form. 
This limite.d degradation is regulated by plasminogen activator (PA) 
and its inhibitor, plasminogen activator .inhibitor (PAI) PAs 
comprise t is, sue' PA (tPA) , which is involved in blood coagulation, 

15 and urokinase PA (uPA) , which is related to ECM degradation (Blasi, 
F. and Verde, P M Semin. Cancer Bio. 1, 117-126, 1990). The function 
of these two PAs are inhibited through the binding of PAI (Cajot, 
J.F. et al., Proc. Natl. Acad. Sci . USA 87> 6939-6943, 1990; Baker, 
M.S. etal., Cancer Res. 50, 4676-4684, 1990). uPA can function while 

20 being bound to a uPA receptor (uPAR) on the cell surface. Plasmin 
degrades f ibronectin, tenascin, laminin, and such, . but fails to 
directly degrade collagen. However, it indirectly degrades collagen 
by activating the collagen degradation fenzyme via cleavage of a portion 
of the precursor of the enzyme. These often show enhanced activity 

25 in cancer cells, and correlate well with metastatic ability (Tanaka, 
N. et al., Int. J. Cancer 48, 481-484, 1991; Boyd, D. et al . , Cancer 
Res. 48, 3112-3116, 1988; Hollas, W. et al . , Cancer Res. 51, 3690-3695, 
1991; Correc, P. et al., Int. J. Cancer 50, 767-771, 1992; Ohkoshi., 
M. et al., J. Natl. Cancer Inst. 71, 1053-1057, 1983 ; Sakaki, Y. et 

30 al., New Horizon for Medicine (Japanese) 17, 1815-1821, 1985). 

Many studies have been carried out on the cleavage sequences 
of uPA and tPA (Rijken, D.C. et al . , J. Biol. Chem. 257, 2920-2925, 
1982; Wallen, P. et al . , Biochim. Biophys . Acta 719, 318-328, 1982; 
Tate, K.M. etal., Biochemistry 26 , 338-343, 1987). The commonly used 

35 substrate sequences include VGR (Dooi jewaard, G. , and KLUFT, C. , Adv. 
Exp. Med. Biol. 156, 115-120, 1983) and Substrate S-2288 (Ile-Pro-Arg) 
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(Matsuo, 0. et al . , Jpn. J. Physiol. 33, 1031-1037, 1983). Butenas 
. et al . used 54 kinds of fluorescent substrates to identify sequences 
highly specif ic to tPA (Butenas , S. etal., Biochemistry 36 , 2123-2131, 
1997), and demonstrated that two sequences, FPR and VPR, shoW 'high 

,5 ' degradation activity against tPA. Therefore, these sequences are 
-particularly preferred in the present invention. 

Other ECM degradation enzymes are . categorized as ' cysteine 
protease or aspartic • protease . , They ' are also involved in the 
metastasis and infiltration of* cancer. Specific examples include : 

10 cathepsinB (Sloane, B.F., Semin. Cancer'Biol. 1, 137-152, 1990) using 
laminin, proteoglycan, fibronectin, collagen, procollagenase 
(activated by degradation) , and such as substrates ; cathepsin L (Kane, 
S.E. and Gottesman, M.M., Semin . Cancer Biol . 1, 127-136, 1990) using 
elastin, proteoglycan, fibronectin, laminin, elastase (activated) , 

15 and such as substrates; and cathepsin D (Rochefort, H. , Semin. Cancer 
Biol: 1, 153-160, 1990) using laminin,. fibronectin, proteoglycan, 
and cathepsin B and L (activated) as substrates. Cathepsin B and L 
' in particular are highly expressed in breast cancer tissues (.Spyratos , 
F. et al., Lancet ii, 1115-1118, 1989; Lah, <T . T . et al . , Int. J. Cancer 

20 50, 36-44, 1992), and colon cancer carcinoma (Shuja, S. et al., Int. 
J. Cancer 49, 341-346, 1991) . The disruption of balance between them 
and their inhibitory factors has been suggested to be involved in 
malignant transformation of cancer (Sloane, B.F., Semin . Cancer Biol . 
1, 137-152, 1990; Kane, S.E. and Gottesman, M.M., Semin. Cancer Bidl . 

25 1, 127-136, 1990) . 

Metalloproteinase is a metalloenzyme comprising a metallic 
element such as Zn at its active center. Reported metalloproteinases 
include caspase, amino peptidase, angiotensin I converting enzyme, 
and collagenase. Regarding metalloproteinases that degrade ECM, 16 

30 kinds or more of matrix metalloproteinases (MMP). have been reported. 
Representative MMPs include collagenase- 1 , -2, and -3 (MMP-1, -8, 
and -13), gelatinase A and B (MMP-2 and -9), stromelysin 1, 2, and 
3 (MMP-3, -10, and -11), matrilysin (MMP-7) , and membrane 
metalloproteinases (MT1-MMP and MT2-MMP) . In general, MMP has Zn 2+ 

35 at its active center, and Ca 2+ is required for its enzyme activity. 
Furthermore > MMP is secreted as a latent enzyme (referred to as latent 
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MMP or PtoMMP) , is activated outside the cell, and degrades various 

ECMs existing in vivo. Moreover, the activity ,of MMPs is inhibited 

by a common inhibitor, namely, tissue inhibitor of metalloproteinase 

(TIMP) . Other examples of ECM degradative metalloproteinases include 

5 amino peptidase,-, such as amino peptidase* N/CD13 and aminopeptidase 

B that degrade ECM component proteins . According to experiments using 

inhibitors, all of these proteinases have been reported to be deeply 

involved in' cancer. ' • * 

Among these proteinases, collagenases (e . g . , MMP-1, -8, and -13) 

10 cleave fibrous 1 collagens - type I, II, and* III collagen* molecules 

- at specific sites.. Two types of gelatinase, gelatinase A (MMP-2) 

and gelatinase B (MMP-9) , are known. Gelatinase is also called, type 

IV collagenase, and degrades type V collagen and elastin in addition 

to type IV , collagen, the major cpmponent of basal membranes. 

15 Furthermore, MMP- 2 is known to cleave type I collagen at the same 

i ... 
site as MMP-1 . MJYIP-9 does not degrade laminin and f ibronectin; however, 

MMP-2 degrades them. Stromelysins (MMP- 3 and -10) accept and degrade 

a broad range of substrates and degrade proteoglycan; type III, IV, 

and IX collagen; laminin; and fibronectin. Matrilysin (MMP-7) is a 

20 molecule that lacks the hemopexin domain, has a substrate specificity 
identical to that of . MMP- 3, and particularly high degradation activity 
for proteoglycan' and elastin,, Membrane-type metalloproteinases 
(MT-MMPs) (MT1-MMP, MT2-MMP, MT3 -MMP , *MT4 -MMP , MT5-MMP, and MT6-MMP) 
comprise a transmembrane structure. MT-MMPs have an insertion 

25 sequence (approximately ten amino acids) between the propeptide domain 
and the active site. This insertion sequence comprises 
Arg-Xaa-Lys-Arg (Xaa is any amino acid) , and, during the 
transportation process to the cell membrane, is activated through 
cleavage by f urin, an intracellular processing enzyme . Known MT-MPPs 

30 include MT1 -MMP (MMP- 14) , MT2-MMP (MMP-15) , MT3-MMP (MMP-16) , MT4-MMP 
(MMP-17), MT5-MMP (MMP-23), and MT-6-MMP (MMP-25). For example, 
MT1-MMP degrades type I, II, and III collagens, and MT3-MMP degrades 
type III collagen. 

Overexpression of MMP is known to widely occur in cancer cells. 

35 They are categorized into those caused by the cancer itself and by 
cancer interstitial cells. For example, interstitial collagen 



degrading collagenase (MMP-1)' is involved with infiltration of cancer 
cells, and its activity level correlates with metastatidity in colon 
cancer and such (Wooley, D.E., Cancer Metastasis Rev. 3, 361-372, 
1984; Tarin, D. etal., Br. J. Cancer 46, 266-278, 1982) . Furthermbre, 
activities of type IV collagenases (MMP-2 and MMP-9) are highly 
■correlated with metastatic ability of vatious epithelial cancers 
(Liotta, L.A. and Stetler-Stevenson, W.:G., Semin. Cancer Biol. 1, 
99-106/ 1990; Nakajima/ M. Experimental Medicine 10, 246-255, 1992). 
Moreover,, stromelysin (iyiMP-3) is also known to be correlated with 
malignant alteration of dermal epithelial tumor (Matrisian, L.M. arid 
Bowden, G.T., Semi . Cancer Biol . 1, 1,07-115, 1990) . Stromelysin-3 
(MMP-11) has been observed to be highly • expressed in breast cancer 
and colon cancer (Basset, T. et al . , Nature 348, 699-704, 1990; Porte, 
H.< et al., Clin. Exp. Metastasis 10 (Si^ppl. 1), 114, 1992). 

Many cleavage substrates for MMP are known. Examples of 
substrate sequences that £re. degraded, by all MMPs include PLGLWAR 
(Bickett, D.M. et al . , Anal. Biochem. . 212 , 58-64, 1993), GPLGMRGL 
(Deng, S.J. et al . , J. Biol. Chem. 275, 31422-31427 , 2000)., PQGLEAK 
(Beekman, B. et al . , FEBS Lett. 390, 221-225 , 1996 ) , RPKPVEWREAK 
(Beekman, B. et al . , FEBS Lett. 418, 305-309, 1997), and PLALWAR 
(Jacobsen, E.J. etal., J. Med. Chem. 42, 1525-1536, 1999). Cleavage 
substrates of MMP-2 and -9 include PLGMWS (Netzel-Arneitt , S . et al . , 
Anal. Biochem. 195, 86-92, 1991) and PLGLG (Weingarten, H. et al . , 
Biochemistry 24, 6730-6734, 1985). 

Recently, phage-displayed peptide library screening has 
elucidated the degradation substrate sequences for MMP-9 (Kridel, 
S.J. et al., J. Biol. Chem. 276, 20572-20578, 2001), MMP-2 (Chen, 
E.I. etal., J. Biol. Chem. 277, 4485-4491, 2002) , and MT1-MMP (Kridel, 
S.J. et al., J. Biol. Chem. In JBC Papers in Press, April 16, 2002, 
Manuscript M111574200) . In these articles, identified amino acid 
sequences are categorized into four groups depending on the presence 
or absence of degradation ability by three MMPs. Group IV includes 
sequences that are specifically degraded by MT1-MMP, and regarding 
sequences lacking Arg, VFSIPL and IKYHS sequences are mentioned as 
substrates that are not degraded by MMP-9 and MMP-2, but are degraded 
by MT-MMP alone. 
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For example, the cleavage sequence of MMP-9 is Pro-X-X-Hy 
. (wherein, X represents an arbitrary residue'; Hy, a 'hydrophobic 

residue), with Pro-X-X-Hy- (Ser/Thr) being particularly preferred. 

A more specific example includes Pro-Arg- (Ser/Thr) -Hy- (Ser/*Thr) 
" 5 ' (cleavage occurs between X and Hy residues) . Examples of Hy 

'(hydrophobic residues) include Leu, Val/Ty*r, lie, Phe, Trp, and Met, 

but are not limited thereto. Other cleavage sequences have been also . 

identified (for example, see Group I., II, IIIA, and IIIB in the 

following, literature; Kridel, S.J. et . al . ,. J. Biol. Chem. 276, 
.10 20572-20578, 2001), and any desired sequence may be used. The 

above-mentioned Pro-X-X-Hy may be used for MMP-2, and in addition, 

(Ile/Leu) -X-X-Hy, Hy-Ser-X-Leu, and His-X-X-Hy (see, for example, 

i . 

Group I, II, III, and IV in the following literature; Chen, E.I. et 
al-. , J . Biol. Chem. 277, 4485-4491, 20,02) may also be used. The 

15 cleavage sequence for the MMP family comprising MMP-7, MMP-1, MMP-2, 
. MMP-9, MMP-3, and MT1-MMP 1 (MMP-14) carj be appropriately selected, . 
for example, by referring ito the sequences of natural substrate 
proteins or by screening a peptide library (Turk, B.E. et al. , Nature 
Biotech. 19, 661-667, 2001; Woessner, J.F. and Nagase, H., Matrix 

20 metalloproteinases and TIMPs. (Oxford University Press, Oxford, UK, . 
2000); Fernandez -Patron, C. et al . , Circ. Res. 85, 906-911, 1999; 

Nakamura, H. et al., J. Biol. Chem. 275, 38885-38890, 2000; McQuibban, 

i 

G.A. etal., Science 289, 1202-1206, 2000; Sasaki, T. et al. , J. Biol. 

Chem. 272, 9237-9243, 1997). Examples of the eight amino acid 
25 sequences P4-P3-P2-P1-P1' -P2' -P3' -P4' (cleavage occurs between PI 

and PI' ) of the cleavage site include VPMS-MRGG for MMP-1, RPFS-MIMG 

for MMP-3, VPLS-LTMG for MMP-7, and IPES-LRAG for MT1-MMP, but are 

not limited thereto. PLAYWAR (Nezel-Amett , S. et al . , Anal. Biochem. 

195, 86, 1991) is an example for MMP- 8 . Various synthetic substrates 
30 of MMP are available, and can be compared to each other (see, for 

example , each of the MMP substrates in the Calbiochem® catalog, Merck) . 
Generally, MMP activity in tissues is regulated through the 

process of: latent enzyme production, latent enzyme activation, and 

active enzyme inhibition by inhibitors. MMP activity is involved in 
35 various physiological phenomena, such as development and ovulation, 

fertilization, implantation to the endometrium, and wound healing. 
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Disorder* in .the regulation of MMP activity . contributes to various 
pathologies including, for example, infiltration and metastasis of 
cancer cells, arthritis, gingivitis, arteriosclerosis, tumor, and 
fibrosis. For example, gellatinases (MMP-2 and -9) that degrade the 
5 basal membrane components are known to be important for metastasis 
of cancer. MMP-2 is activated by cleavage of pro-MMP-2 by MT1-MMP. 
On the other hand, a pathway for the activation of MMP- 9 exists wherein 
first plasmi'n is produced f rom plasminogen by uPA to activate proMMP-3, • 
and then the active MMP-3 activates proMMP-9-, This pathway is involved 

10 in metastasis of cancer. In order to develop the vectors of this 
invention as cancer- targeting vectors, it is particularly useful to 
introduce a sequence cleaved by those proteases involved with 
metastasis of cancer as the cleavage site of the F protein. Examples 
of such proteases include MMP-2, MMP-9, uPA, MMP-3, and MT1-MMP, more 

15 specifically, MMP-2, MMP-9, and uPA. 

When incorporating a protease cleavage sequence into the F 
protein, the protease cleavage sequence of interest is inserted into 
the cleavage site of the F protein and the originally existing 
trypsin- like protease cleavage site is preferably degenerated. To 

20 accomplish this purpose, the amino acid sequence around the original 
cleavage site for the trypsin- like protease can be substituted with 
the protease cleavage sequence, (recognition sequence), of interest. 
The modified F protein is cleaved by the protease of interest when 
expressed in cells, and maintains the cell membrane fusion activity 

25 of the F protein. The amino acids close to the N-terminus of the Fl 
fragment produced by cleavage of the F protein are considered to play 
an important role in cell membrane fusion. Therefore, unless cleavage 
is inhibited, the cleavage sequence is preferably designed so that 
the N-terminal sequence of the Fl fragment after cleavage is identical 

3 0 to that of the Fl fragment of the wild- type F protein. Furthermore, 
to. insert a linker into the cleavage site to induce efficient cleavage 
reaction, it is preferred that the smallest number of amino acids 
needed is added to the N-terminus of the cleaved Fl fragment in 
comparison to that of the wild- type Fl . For example, five amino acids 

35 or less, preferably four amino acids or less, or more preferably three 
amino acids or less (for example, one, two, or three amino acids) 



30 

iV , . .: ■ 

are added to the N-terminus' after cleavage in comparison to the 
. wild-type Fi . For example, the present invention elucidated that the 
addition of Met-Thr-Ser (SEQ ID NO: 1) added to the N-terminus of 
the Fl fragment of the modified F protein did not impair either* the 
\ 5 ' cleavage reaction by MMP or the cell membrane fusion reaction after , 
the cleavage. Therefore, the cleavage sequence is preferably designed 
so that Met-Thr-Ser, or conservative substitution sequences 'thereof 
or amirio acids comprising a partial sequence thereof, is added to 
the N-ter;minus of Fl after cleavage. The phrase "conservative 
,10 substitution" refers to a substitution be'tween amino acids whose amirio 
acid side chains have similar chemical characteristics . Specifically, 
Met can be substituted with lie or Val, Thr can be substituted with 
Ser or Ala, and Ser can be substituted with Ala, Asn, or Thr. 
Substitution of amino acids at each position can be performed 

15 independently. 

, ' , More specif ic examples of the preferred cleavage sequence for 
MMP-2 and -9 include those .comprising. Pro-Leu/Gln-Gly (SEQ ID NO: 
*2) . This sequence is a common sequence among synthetic substrates 
(Netzel-Arnett , S. et al . , Anal. Biochem. . 195 , 86-92, 1991) used as 

20 substrates, and the F protein is designed so that this sequence is 
positioned at. the C-terminus of the F2 fragment after cleavage of 
the modified F protein. To accomplish this, the sequence comprising 
the C-terminal amino acids of the F2 fragment after cleavage of the 
wild-type F protein is replaced with a sequence comprising 

25 Pro-Leu/Gln-Gly . The original sequence, corresponding, to one or 
several amino acids of the C-terminus of the F2 fragment of the F 
protein is appropriately deleted, and then, Pro-Leu/Gln-Gly is 
inserted (i.e., perform substitution) . The number of amino acids to 
be deleted may be equal to the number of amino acids to be inserted 

30 (for example, three amino acids), or can be selected in the range 
of zero to ten amino acids or such. As long as the steps of cleavage 
by a protease and membrane fusion are not impaired, the F protein 
can be prepared so that the N-terminus of Fl is directly linked 
downstream of Pro-Leu/Gln-Gly. However, in the F protein of Seridai 

3 5 virus or such, the cleavage sequence and the Fl fragment are preferably 
linked via an appropriate spacer. Particularly preferred examples 



• . • 31 

' * . . I ' i 
I 

■.■»•■ , ' 

M 1 

of such Spacer-comprising cleavage sequences. include those sequences 
comprising Pro-Leu/Gln-Gly-Met-Thr-Ser (SEp ID NO: 3) or 
Pro-Leu/Gln-Gly-Met-Thr (SEQ ID NO: 4). Met, Thr, and Ser can be 
conservatively substituted with other amino acids. More preferred 
5 examples of proteins include modified F proteins in which one to ten 
residues, such as one, two, three, four,' five, or six residues, 
sequentially linked from the C-terminal amino acid in F2 af ter cleavage 
towards the' N-terminus, are replaced with a sequence 1 comprising' 
Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr . For 

10 example, in the case of the Sendai virus F protein, an F protein ( in 
which the sequence (although it depends on the strain, it is typically 
113 Pro-Gln-Ser-Arg 116 i ) corresponding to the four C-terminal amino 
acids of the F2 fragment in the wild-type F .protein (SEQ ID NO: 5) 
is replaced .with Pro-Leu/Gin-Gly r Met-Thr-Ser and such. ' 

15 Any other desired sequence described in the present invention 

may be used as ,the cleavage sequence of MMP. In the interest of 
substrate specificity of the various MMPs, analyses have been 
perf ormed'using peptide libraries (Turk, B.E. et al . , Nature Biotech. 
19, 661-667, 2001).. Detailed analyses have been performed for MMP-2 

20 (Chen, E.I. et al . , J. Biol. Chem. 277(6), 4485-4491, 2002) and MMP -9 
(Kridel, S.J. et al . , J. Biol. Chem. 276(8), 20572-20578, 2001) of 
interest. Regarding MMP- 9 in particular , the consensus sequence from 
P3 to P2' (P3-P2-P1-P1' -P2' ; cleavage takes place between Pl-Pl') 
is proposed as Pro-X-X-Hy- (Ser/Thr) (X= any residues; Hy= hydrophobic 

25 residue) . This consensus sequence also matches one of those proposed 
for MMP-2 (Pro-X-X-Hy) , and thus, is considered to be a good design 
to accomplish specificity for MMP-2 and MMP- 9. Therefore, from such 
aspects as well, the sequences shown above 

(Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr) have been 

30 supported as preferable examples. Specifically, the sequence of the 
F protein cleavage site preferably comprises Pro-X-X-Hy-Thr/Ser , and 
more preferably Pro-X-X-Hy-Thr/Ser-Thr/Ser ("Thr/Ser" means either 
Thr or Ser) . For example, Pro-Leu-Gly-Leu-Trp-Ala and 

Pro-Gln-Gly-Leu-Tyr-Ala that do not match with Pro-X-X-Hy-Thr/Ser 

35 are not preferred (Fig . 44) . By inserting into the F protein cleavage 
site a peptide that matches with the Pro-X-X-Hy-Thr/Ser sequence, 



a vector showing high infiltration ability in the presence of MMP 
can be constructed. • 

Other examples of preferable cleavage sequences include those 
cleaved by a plasminogen activator. Specific examples of cleaVage 
sequences of uPA and tPA include sequences comprising Val-Gly-Arg. 
The F protein is designed so that this seqiience is positioned at the 
C- terminus of the F2 fragment of the modified F protein after cleavage . 
To accdmplish this, the sequence comprising C- terminal amino acids 
of the F2, fragment after cleaving the wild-type F protein can be 
replaced with a sequence comprising Val-Gly-Arg (SEQ ID NO: 6) . More 
preferable examples of preferred proteins include a modified F protein 

in which one to ten residues, for example, one, two, three, four, 

i 

five, or six residues, sequentially positioned from the C-terminal 
amino acid of . F2 after cleavage towards' /the N-terminus are replaced 
with Val-Gly-Arg or a sequence comprising this sequence. For instance, 
in, the Sendai viral F protein, examples include the F protein whose 
sequence corresponding to the three C-terminal amino acids of the 
F2 fragment in the wild-type F protein (typically 114 Gln-Ser-Arg 116 
i (SEQ ID NO: 7) , although it depends on the strain) is substituted 
with Val-Gly-Arg. 

To efficiently identify a modified F protein that exerts 
fusogenicity in the presence of a specific protease, an assay system 
using a plasmid vector can be utilized (Example 31) . Specifically, 
a plasmid vector expressing the modified F protein is transfectied 
to cells, and the resulting cell is cultured in the presence of a 
protease to detect syncytium formation. The modified F protein 
encoded by the plasmid that causes syncytium formation is cleaved 
by protease to determine if it shows fusogenicity. For example, to 
assay the F protein that is cleaved by MMP, HT1080 cells that express 
MMP may be used . Alternatively, MMP may be added to the culture system. 
Using the assay system developed in this invention, a modified F protein 
having fusogenicity can be readily obtained. 

A vector encoding a modified F protein can introduce the genomic 
RNA contained in the vector into cells contacting the cells transf ected 
with the vector, depending on the presence of a protease that cleaves 
the modified F protein. The action of the cleaved F protein causes 
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cell fusion between cells in contact, and the RNP spreads to the fused 
cells. That, is, the vector of the present invention does not form 
viral particles*' however, it can transfer the vector to a localized 
region due to- the infiltration of vectors into contacting cells such 
5 as described above . The proteose may be expressed intracellularly 
or extracellularly, or may be added exogehously. 

The modified F proteins provided by the present invention show 
cell fusogenicity depending on a specific protease . By utilizing this 1 
protein, viral ■ vectors, drugs and gene delivery vectors, such as 

10 liposomes, that* causes cell fusion or specific infection Only in the 
presence of the protease can be constructed For example , by equipping 
the F gene of an adenoviral vector comprising F and HN genes (Galan^s, 
E. et al., Hum. Gene Ther. 12, 811-1321, 2001) with the gene of the 
modified F protein which is cleaved by; a protease specifically 

15 expressed in cancer cells,, vectors that .cause cell fusion in the 
presence of the specific protease can be developed. In addition, for 
example, whenpseudotyping a retrovirus with F.andHN proteins (Spiegel, 
M. et al . , J Virol. 72 (6), 5296-5302, 1998) , a cancer cell -targeting 
vector that specifically infects cancers may be developed using the 

20 modified F protein during construction process, which protein is 
cleaved by a protease expressed in cancers. As described above, in 
addition^ to the vectors of this .invention, the modified F proteins 
provided by the present invention ancl nucleic acids encoding them 
may be utilized to develop various vectors that depend on proteases. 

25 Furthermore, the present invention provides paramyxoviral 

vectors comprising a modified F protein in which the cell fusogenicity 
is increased by deletion of the cytoplasmic domain. A portion of the 
amino acids of the cytoplasmic domain is deleted such that 0 to. 28, 
preferably 1 to 27, and more preferably 4 to 27 amino acids exist 

30 in the cytoplasmic domain of this modified F protein. The phrase 
"cytoplasmic domain" refers to the cytoplasmic side of the membrane 
protein, and in the F protein, it corresponds to the C-terminal region 
of the transmembrane (TM) region (see Fig. 42) . For example, the F 
protein comprising 6 to 20, preferably 10 to 16, and more preferably 

35 13 to 15 amino acids as the cytoplasmic domain shows significantly 
high levels of cell fusogenicity as compared to the wild- type F protein. 
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Therefore, preparation of a paramyxoviral vector that comprises an 
F protein modified such that its cytoplasmic domain comprises 
approximately 14 amino acids enables the acquisition of vectors having 
higher cell f usogenicity as compared to those obtained with a wilcl-'type 
F protein. Preferably, this deletion F. protein lacks 10 or more, 
preferably 15 or more, mqre preferably 20 or itlore, still more preferably 
25 or more, and furthermore preferably 28 or more of the C- terminal . 
amino acids of the wild-type F protein . According to the most preferred 
aspect, the cytoplasmic domain-deleted F protein lacks approximately 
28 amino acids from the C- terminus of t'he wild- type F protein. The 
paramyxoviral vectors which comprise genes encoding these cytoplasmic 

domain-deleted F proteins on the genome have higher cell fusogenicity 

i 

as compared to conventional vectors, and thus, more strongly 
infiltrate into the surrounding cells. Modification of the cleavage 
site of this F protein as described herein yields a vector that exhibits 
a high infiltration ability bnly in the presence of a specif ic protease . 

The present invention further relates to a fusion protein 
consisting of two kinds of spike proteins carried by the paramyxovirus . 
The paramamyxovirus has a protein considered to function in cell fusion 
(called the *F" protein) and a protein' considered to function in 
adhesion to cells (called the "HN" or tt H" protein) . Herein, the former 
is generally called the F protein, and the latter the HN protein. 
These two proteins expressed as a fusion protein exert extremely strong 
fusogenicity as compared to separate expression of the proteins, 'in 
this fusion protein, the proteins are bonded through a portion of 
their cytoplasmic domains. Specifically, the fusion protein 
comprises the F protein at its N-terminus and the HN (or H) protein 
at its C- terminus. When fusing these proteins, the whole proteins 
may be fused to each other, or alternatively, the F protein which 
lacks a portion or the whole cytoplasmic domain may be fused to the 
HN (or H) protein. In the latter case , the number of amino acid residues 
from downstream of the TM region of the F protein to the HN (or H) 
protein is five or more, preferably ten or more, more preferably 14 
or more, and still more preferably 2 0 or more . For example, when fusing 
an F protein that lacks the cytoplasmic domain to the HN (or H) protein, 
it is preferable to adjust the length by adding a linker peptide of 
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appropriate /length to the C-terminus of the F protein portion. 
Specifically, a cytoplasmic domain-deleted F protein comprising 14 
residues of cytoplasmic domain fused to the HN (or H) protein via 
any linker ( peptide is preferably used. The linker peptide may be, 
5 for example, Approximately 5 0 .residues. The amino acid sequence of 
the linker peptide is not particularly limited; however, it is 
preferable to adopt a polypeptide which does not have significant 
physiological activity, and suitable examples include the polypeptide! 
shown in. Fig. 43* (SEQ ID NO: 80) . ' : 

10 The present invention further relates to nucleic acidts encodipg 

these fusion proteins, and expression vectors comprising these nucleic 
acids. Cells transfected with these expression vectors show strong 
fusogeni'city, and form syncytia through fusion with the surrounding 
cells . Expression vectors are not particularly limited, and* include, 

15 for example, plasmid vectors and viral vectors. In the case of a DNA 
vector, use in combination with a strong promoter such as the CAG 
promoter (a chimeric promoter comprising chicken P-actin promoter and 
CMV enhander) (Niwa, H. et al . , Gene 108, 193-199, 1991) is preferred. 
A viral vector expressing a protein of the present invention yields 

20 strong fusion in transfected cells. Examples of suitable viral 
vectors . include retroviral vectors, lentiviral vectors, adenoviral 
vectors, acleno-agsociated viral vectors, minus strand RNA viral 
vectors, simple herpes viral vectors, retroviral vectors, lentiviral 
vectors, Semliki forest viral vectors, sindbis viral vectors , vaccinia 

25 viral vectors, fowlpox viral vectors, and other preferable viral 
vectors. The paramyxovirus vectors that express the present 
protein (s) exhibit high infiltration ability towards various tissues . 
In particular, the use of an M gene-deleted paramyxoviral vector 
encoding a fusion protein of the present invention with a modified 

3 0 F protein cleavage site leads to the production of a vector that induces 
strong cell fusion in specific tissues. 

These recombinant viral vectors can be prepared according to 
methods well known to those skilled in the art. For example, an 
adenoviral vector that is most commonly used for gene therapy and 

35 such can be constructed by the method of Saito et al . and other methods 
(Miyake et al., Proc. Natl. Acad. Sci. USA, 93, 1320-24, 1996; Kanegae 



et al.,. Acta Paediatr. Jpn. ; 38, 182-188, 1996; Kanegae et al . , 
"Baiomanyuaru shiriizu 4-Idenshi-donyu to' HatsugehDKaisekiho 
(Biomanual Series 4: Methods for gene transf ection, expression, and 
analysis)", Yodosha, 43-58, 1994; Kanegae et al . , Cell Engineering, 
13(8), 757-763, 1994). In addition, for example, retroviral vectors 
(Wakimoto et al . , Protein Nucleic acid ( aiid Enzyme (Japanese) 40, 
2508-2513, 1995), adeno-associated viral vectors (Tamaki et al., . 
Protein Nucleic acid and Enzyme (Japanese) 40, 2532-2538, 1995) and 
such can be prepared by conventional methods. As specific methods 
for producing other viral vectors capable of transferring genes to 
mammals, methods for producing recombinant vaccinia virus are known 
and described in Published Japanese Translation of International 
Publication No. Hei 6-502069, Examined Published Japanese Patent 
Application No. (JP-B) Hei 6-95937, and JP-B Hei 6-71429. Known 
methods for producing recombinant papilloma viruses include those 
described in JP-B Hei 6-34'727, and Published Japanese Translation 
of International Publication No. Hei 6-505626. Furthermore, known 
methods for producing recombinant adeno-associated viruses and 
recombinant adenoviruses include those described in Unexamined 
Published Japanese Patent Application Nb. (JP-A) Hei 5-308975 And 
Published Japanese Translation of International Publication No. Hei 
6-508039, respectively. 

In the RNA genome, which is comprised in the vector provided 
as an aspect of this invention, the gene encoding the matrix (M) protein 
(i.e., the M gene) is mutated or deleted.- According to the present 
invention, the cleavage site of the F protein is modified to a sequence 
that is cleaved by another protease, and furthermore, the M gene is 
mutated or deleted to suppress particle forming ability. Thereby, 
a vector with a completely new property that does not release viral 
particles, and infiltrates into only a group of cells expressing a 
particular protease has been successfully developed. The mutation 
of the M gene eliminates or significantly lowers the particle forming 
activity in the intrahost environment. Such mutations in cells that 
express this M protein can be identified by detecting a decrease in 
the cell surface aggregation of this protein (see Examples) . 

According to the present invention, the most effective 
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modification* fcpr suppressing secondary release of particles, i.e'., 
release of VLP, was confirmed to be the deletion of the M protein. 
This fact is alsb supported by studies reporting on the role of the 
Mproteins invirion formation in Sendai virus (SeV) and other minus (- ) 
5 strand RNA viruses. For example-, it has been found that strong 
expression of* the M protein in vesicular stomatitis virus (VSV) causes 
the budding of VLPs (Justice, P. A. et al . , J. Virol . 69, 3156-3160, 
1995) ; likewise, parainfluenza virus VLP formation is alfeo reported' 
to occur on mere overexpression.of M protein (Coronel, E.C. et al . , 

10 J. Virol. 73, 7035-7038, 1999). While thiskind of VLP formation, 
caused by M protein alone, is not observed in all (-) strand RNA viruses, 
M proteins .are recognized to serve as virion formation cores in 
(-) strand RNA Viruses (Garoff, H. et al . , Microbiol . Mol . Biol '. Rev. 
62, 1171-119,0, 1998). . "' 

15 The specific role of the M protein in virion formation is 

summarized as fqllows: Virions are formed in so-called lipid rafts 
on the cell membrane (Simons, K. and Ikonen, E., Nature 387, 569-572, 
1997) . These were originally identified as lipid fractions that were 
insoluble with non-ionic detergents, such as Triton X-100 (Brown, 

20 D.A. and Rose, J.K., Cell 68, 533-544, 1992). Virion formation in 
lipid rafts has been demonstrated , for the influenza virus (Ali, A. 
et al., J. Virol.' 74, 8709-8719,, 2000), measles virus (MeV; Manie, 
S.N. et al., J. Virol. 74, 305-311, 2000), SeV (Ali, A. and Nayak, 
D.P., Virology 276 , .289-303 , 2000), and others . At these lipid raft 

25 sites, the Mprotein enhances virion formation, concentrating envelope 
proteins (also referred to as spike proteins) and ribonucleoprotein 
(RNP) . In other words, the M protein may function as a driving force 
for virus assembly and budding (Cathomen, T. et al . , EMBO J. 17, 
3899-3908, 1998; Mebatsion, T. et al . , J. Virol. 73, 242-250, 1999). 

3 0 In fact, the M protein has been revealed to bind to the cytoplasmic 
tail of influenza virus spike proteins and such (Zhang, J. et al., 
J.Virol. 74, 4634-4644, 2000), SeV (Sanderson, CM. et al . , J.Virol. 
67, 651-663, 1993) . It also binds with the RNP of the influenza virus 
(Ruigrok, R.W. et al . , Virology 173, 311-316, 1989), parainfluenza 

35 virus, SeV (Coronel, E.C. et al . , J. Virol. 75, 1117-1123, 2001), 
etc. Further, in the case of SeV (Heggeness, M.H. et al., Proc. Natl.. 
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Acad. Sci . USA 79, 6232-6236/1982) and vesicular stomatitis virus, 
etc (VSV; Gaudin, Y. et al . , Virology 206, 28-37, 1995;' Gaudin, Y. 
et al. , J. Mol. Biol. 274, 816-825, 1997) , Mproteins have been reported 
to form oligomers with themselves. Thus, due to the capacity of * the 
M protein to function in association with many virus components and 
lipids, the protein is .considered to function as the driving force 
for virus assembly and budding. • 

In addition, somereports suggest that envelope protein (spike 
protein) modification may also suppress VLP release. The following 
experimental examples are specific reports in which virion formation 
was actually suppressed: a G protein deficiency in rabies virus (RV) 
resulted in a 1/30 reduction of VLP formation (Mebatsion, T. et al., 
Cell 84, 941-951, 1996). When the M protein was deficient , this level 
dropped to 1/500,000 or less (Mebatsion,, T. et al . , J. Virol. 73, 
242-250, 1999). Further, in the case of the measles virus (MeV) , 
cell-to-cell fusion was enhanced when , the NT protein was deficient 
(Cathomen, T. et al., EMBO J J 17, 3899-3908, 1998). This is presumed 
to result from the suppression of virion formation (Li, Z\ et al., 
J. Virol. 72, 3789-3795, 1998). In addition, similar fusion 
enhancement arose with mutations in the ' cytoplasmic tail of F or H 
protein (the tail on the cytoplasmic side) (Cathomen, T. et al . , J. 
Virol. 72, 1224-1234, 1998). Therefore, introducing a mutation which 
causes the deletion of only the cytoplasmic tail of the F and/or HN 
proteins may suppress particle formation. However, since many VlJPs 
have been reported to exist in the F-deficient form (WO 00/70070) 
or the HN-deficient form (Strieker, R. and Roux, L., J. Gen. Virol. 
72, 1703-1707, 1991), particularly in SeV, the effect of modifying 
these spike proteins may be limited. Furthermore, the following has 
also been clarified with regards to SeV: When the SeV proteins F and 
HN are on secretory pathways (specifically, when they are located 
in Golgi bodies, etc.), the cytoplasmic tails (of the F and HN proteins) 
bind with the M protein (Sanderson, CM. et al . , J.Virol. 67, 651-663, 
1993; Sanderson, CM. et al . , J . Virol. 68, 69-76, 1994). Thus, it 
is presumed that this binding is important for the efficient transfer 
of the M protein to cell membrane lipid rafts , where virions are formed . 
The M protein was thought to bind to the F and HN proteins in the 
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cytoplasm, and, as a result to be' transferred to the cell membrane 

via F and HN, protein secretory pathways. As described above, the M 

protein plays an fessential role in viral particle formation. The use 

of a modified M protein gene that eliminates M protein aggregation 

5 on the cell, surf ace enables production of ( vectors .without particle 

forming ability, « 

. The subcellular localization of the M protein can be determined 

by cell fractionation,' or by directly detecting M protein Idealization • 

i » i 1 1 • 

using immunostaining, or such. In immunofetaining, for example, M 

10 protein stained by a f luoresc.ently labeled antibody can be observed 

under a confocal laser microscope. Alternatively, after the cells 

have been lysed, a cell fraction cai^ be prepared using a known cell 

fractionation method, and localization can. then be determined by 

identifying tfce M protein-containing, ^fraqtion using a method such 

15 as immundprecipitation or Western blotting using an antibody against 

. ■ • i ... 

the M protein. Virions are formed in so-called cell membrane lipid 

rafts, lipid fractions that are insoluble with non- ionic detergents 

such as Triton X-100. The M protein is believed to participate in 

the aggregation of viral components in the lipid rafts due to its 

20 ability to bind to spike proteins, RNP, and to M protein itself; and 
further to lipids. Accordingly, the M protein,, detected by 
electrophoresis or such with the lipid raft fraction, is presumed 
to reflect aggregated M protein. Namely, when the amount of detectable 
Mprotein is reduced, cell-surface M protein aggregation is determined 

25 to be reduced. M protein aggregation on cell membranes can be directly 
observed using the immunocytological staining methods used by the 
present inventors for detecting subcellular localization. This 
utilizes an anti-M antibody available for immunocytological staining . 
On investigation using this method, an intensely condensed image is 

30 observed near the cell membrane, when the M protein is aggregated. 
When the M protein is not aggregated, there is neither a detectable 
condensation pattern nor a clear outline of the cell membrane. In 
addition, only a slight stain is observed in the cytoplasm. Thus, 
when little or no condensation pattern is detected, the cell membrane 

35 outline is indistinct, and slight staining is observed throughout 
the cytoplasm, cell-surface M protein aggregation is judged to be 
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reduced. 

Mutant M proteins having significantly reduced cell-' surf ace 
aggregation activity are judged to have significantly lower particle 
formation ability as compared to that of wild-type M proteins 1 . • The 
" 5 ' reduction of particle formation ability in the virus is statistically 
significant (for example, at a significant level of 5%. or less). 
Statistical verification can be carried out using/ for example, the 
Student' t-test or the Mann-Whitney U-test . ' Particle formation ability 
of the virus vectors, .comprising mutant M gene, in intrahost 

,10 environment is reduced to a level of preferably 1/5 or less, more 
preferably 1/10 or less, more preferably 1/30 or less, more preferably 
1/50 or less, more preferably 1/100 or less, more preferably 1/300 
• or less, and more preferably 1/500 or less. Most preferably, the 
vectors of this invention substantially la,ck viral particle-producing 

15 ability in the intrahost environment . The phrase "substantially lack" 
means that no viral part idle production, is detected in the intrahost 
environment. In such cases, > there exist 10 3 or less, preferably 10 2 
or less, and more preferably 10 1 or less per ml of the viral particles. 
The presence of viral particles can be directly confirmed by 

20 observation under an electron microscope', etc. Alternatively, they 
can be detected and quantified using viral nucleic acids or proteins 
as indicators. For example, genomic nucleic acids in the viral 
particles may be detected and quantified using general methods of 
nucleic acid detection such as the polymerase chain reaction (PCR) . 

25 Alternatively, viral particles comprising a foreign gene can be 
quantified by infecting them into cells and detecting expression of 
that gene. Non- infective viral particles can be quantified by 
detecting gene expression after introducing the particles into cells 
in combination with a transfection reagent. The viral particles of 

30 the present invention comprise particles without infectivity, such 
as VLP. 

Furthermore, potency of the virus can be determined, for example, 
by measuring Cell -Infected Units (CIU) or hemagglutination activity 
(HA) (WO 00/70070; Kato, A. et al . , Genes Cells 1, 569-579, 1996; 
35 Yonemitsu, Y. and Kaneda, Y., "Hemaggulutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells.", Ed. by 
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Baker, A*. H.-, Molecular Biology' of . Vascular Diseases. Methods In 
Molecular Medicine., Humana Press., 295-306, 1^99) . In the case of 

vectors labeled* toith marker genes, such as the GFP gene, virus titer 

i * 

is quantified by directly counting infected cells using the marker 
5 as an indicator- (e .g. , as GFP-CIU) as described in the Examples . Titers 
thus determined can be considered equivalent to CIU (WO 00/70070) . 
For example, the loss of viral particle production ability can be 
confirmed by the lack of detectable infectivity titer whe!n cells are> 
transfected with a sample which may comprise viral particles. 

10 Detection of vi'ral particles (VLP and such) without infectivity can 
be performed by transfection. using a lipofection reagent. 
Specifically, for example, DOSPER ( Liposqmal /Transfection Reagent 
(Roche, Basel, Switzerland; Cat. No. i 8 11 16 9). can be used. One hundred 
microliters ,of a solution with or without viral particles ' is mixed 

15 with 12 . 5 (ll DOSPER, and allowed to standi for ten minutes at room 
temperature. Thp mixture is shaken every 15 minutes and transfected 
to cells confluently cultured on 6-well plates. VLPs can be detected 
by the presence or absence of infected cells from the second day after 
transfection. 

20 The phrase "intrahost environment" refers to an environment 

within the -host wherein the wild-type paramyxovirus, from which the 
vector of interest is derived, .normally proliferates in nature, or 
an environment that allows equivalent . virus proliferation. The 
intrahost environment may be, for example, the optimum growth 

25 condition for the virus . When the host of the paramyxovirus is a mammal , 
. the intrahost environment refers to the in vivo environment of a mammal , 
or equivalent environment thereof. Namely, the temperature is 
approximately 37°C to 38°C (for example, 37°C) corresponding to that 
in the body of the mammal . An example of an in vitro condition includes 

30 a normal cell culture condition, more specifically a moist culture 
environment in a media with or without serum (pH 6.5 to 7.5) , at 37 °C, 
under 5% C0 2 . 

Important differences in the activity of a modified M protein 
due to environmental conditions include conditional mutations of the 
35 M protein, such as temperature sensitive mutations. The phrase 
"conditional mutation" refers to a mutation which shows a mutated 



phenotype of "loss of function" in the intrahost environment, while 
exhibiting functional activity in another environment. For example, 
a gene encoding a temperature- sensitive mutated M protein; whose 
function is mostly or completely lost at 37°C but is recovered at 
a lower temperature, can be preferably used. The phrase 
"temperature- sensitive mutation" refers t<D a mutation wherein the 
activity is significantly decreased at high temperature (for example, 
37°C) as compared to that at low temperature (for example, 32°C) '. 
The present inventors successfully produced a viral particle whose 
particle forming ability is dramatically decreased at 37°C, a 
temperature corresponding to the intrahost environment, using the 
temperature-sensitive mutant of the M protein. This M protein mutant 
aggregates at the cell surface under low temperature conditions (for 

example, 32 °C) to form viral particles; 'however, at the normal body 

i ' ■ 

temperature (37°C) of a host, it loses 1 aggregability afid fails to 
form viral particles . A vector comprising nucleic acids encoding such 
a temperature-sensitive M protein mutant on its genome is preferred 
as the vector of this invention. The M protein of such a viral vector 
encodes a conditionally mutated M protein that functions under M 
protein functioning conditions, i.e. , permissive conditions, to form 
viral particles. When viral particles produced in this manner are 

infected under normal environment , the M protein cannot function and, 

i 

thus, no particles are formed. 

The temperature-sensitive M gene mutation is not particularly 
limited, however, and includes, for example, at least one of the amino 
acid sites selected from the group consisting of G69, T116, and All 8 
from the Sendai virus M protein, preferably two sites arbitrarily 
selected from among these, and more preferably all three sites . Other 
(-) strand RNA virus M proteins comprising homologous mutations can 
also be used as appropriate. Herein, G69 means the 69th amino acid 
glycine in M protein, T116 the 116th amino acid threonine in M protein, 
and A183 the 183rd amino acid alanine in M protein. 

The gene encoding the M protein (i.e., the M gene) is widely 
conserved in (-) strand RNA viruses, and is known to interact with 
both the viral nucleocapsid and the envelope proteins (Garoff, H. et 
al., Microbiol. Mol. Biol. Rev. 62, 117-190, 1998). The SeV M protein 
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amino acid sequence 104 to 119 ( ; 1 0 4. - KACTDLR I T VRRTVRA -119 / SEQ ID 
NO: 45) is presumed to form an amphiphilic a-^elix, and has been 
identified as an.important region for viral particle formation (Mottet , 
G. et al. , J,. .Gen. Virol. 80, 2977-2986, 1999) . This region is widely 
5 conserved among (•-) strand RNA viruses . M protein amino acid sequences 
are similar among (-•) strand RNA viruses. ' In particular, known M 
proteins in viruses belonging to the subfamily Paramyxovirus are 
commonly proteins with 330 to 380. amino acid residues . Theitr structure i 
is similar over' the whole region, though the C-end halves have 

10 particularly high homology (Gould, A. R., Virus Res. 43, 17r31, 199)6; 
Harcourt, B. H. et al. , Virology 271*, 334-349, 2000) . Therefore, for 
example, amino acid residues homologous tqG69 4 T116 and A183 of the 
SeV M protein can be easily identified. 

Amino ^cid. residues at sites homologous to other (-) strand RNA 

15 virus M proteins corresponding to G69, T116 and A183 of the SeV M 
proteins can be identified by one skilled in the art through alignment 
with the SeV M protein, using an amino acid sequence homology search 
program wtiich includes an alignment forming function, such as BLAST, 
or an alignment forming program, such as CLUSTAL W. Examples of 

20 homologous sites in M proteins that correspond to G69 in the SeV M 
protein include G69 in human parainfluenza virus -1 (HPIV-1) ; G73 in 
human parainfluenza virus-3 (HPJV-3) ; G70 in phocine distemper virus 
(PDV) and canine distemper virus (CDV)'; G71 in dolphin molbillivirus 
(DMV) ; G70 in peste-des-petits-ruminants virus (PDPR) /measles virus 

25 (MV) and rinderpest virus (RPV) ; G81 in Hendra virus (Hendra) and 
Nipah virus (Nipah) ; G70 in human parainfluenza virus-2 (HPIV-2) ; 
E47 in human parainfluenza virus-4a (HPIV-4a) and human parainfluenza 
virus -4b (HPIV-4b) ; and E72 in mumps virus (Mumps) . (Descriptions 
in brackets indicate the abbreviation; letters and numbers indicate 

3 0 amino acids and positions . ) Examples of homologous sites of M proteins 
corresponding to T116 in the SeV M protein include T116 in human 
parainfluenza virus-1 (HPIV-1); T120 in human parainfluenza virus-3 
(HPIV-3) ; T104 in phocine distemper virus (PDV) and canine distemper 
virus (CDV) ; T105 in dolphin molbillivirus (DMV) ; T104 in 

35 peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) ; T120 in Hendra virus (Hendra) and Nipah virus 



(Nip^h) ; T117 in human parainfluenza virus-2 (HPIV-2) and simian 
parainfluenza virus 5 (SV5) ; T121 in human parainfluenza virus-4a 
(HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; T119 in mumps 
virus (Mumps) ; and S120 in Newcastle disease virus (NDV) Examples 
of homologous sites of M proteins corresponding to A183 of SeV M protein . 
are A183 in human parainfluenza virus-1 '(HPIV-l) ; F187 in human 
parainfluenza virus-3 (HPIV-3); Y171 in phbcine distemper virus (PDV) 
and canine distemper virus (CDV) ; Y172 in dolphin molbillivirus (DMV) ; 
Y171 in peste-des-petits-ruminahts virus. (PDPR) ; measles virus (MV) 
and rinderpest virus (RPV) ; Y187 in Hend!ra virus (Hendra) and Nipah 
virus (Nipah) ; Y184 in human parainfluenza virus-2 (HPIV-2) ; F184 
in simian parainfluenza virus 5 (SV5) ; F188 in human parainfluenza 
virus-4a (HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; F186 
in mumps virus (Mumps) ; and Y187 in Newcastle disease virus (NDV) . 
Among the viruses mentioned above, viruses suitable for' use in the 
present invention include tihose comprising genomes which encode an 
M protein mutant, where aminb acid residue (s) have been substituted 
at any one of the above-mentioned three sites, preferably at an 
arbitrary two of these three sites, and mote preferably at all three 
sites . 

. An amino acid mutation includes substitution with any other 
desirable amino acid. However, the substitution is preferably with 
an amino acid having different chemical characteristics in its side 
chain. Amino acids can be divided into groups such as basic amino 
acids (e. g., lysine, arginine, histidine); acidic amino acids (e. 
g., aspartic acid, glutamic acid) ; uncharged polar amino acids (e. 
g./ glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine); nonpolar amino acids (e. g., alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophane); 
p-branched amino acids (e. g., threonine, valine, isoleucine) ; and 
aromatic amino acids (e. g., tyrosine, phenylalanine, tryptophane, 
histidine) . One amino acid residue, belonging to a particular group 
of amino acids, may be substituted for by another amino acid, which 
belongs to a different group. Specific examples include but are not 
limited to: substitution of a basic amino acid for an acidic or neutral 
amino acid; substitution of a polar amino acid for a nonpolar amino 



acid; substitution of .an amino acid of molecular weight greater than 
the average molecular weights of 20 naturally-oqcurring amino acids, 

for an amino aoid of molecular weight less than this average; and 

i 

conversely „ substitution of an amino acid- .of molecular weight less 

5 than this .ayetage,. for an amino 1 acid of molecular weight greater than 

this average'. For example, Sendai virus M proteins comprising 

mutations selected from the group consisting of G69E, T116A, and A183S 

or other paramyxovirus M proteins comprising mutations at 1 homologous* 

positions thereto can be ' suitably used. Herein, G69E refers to a 

10 mutation whereih the 69th M protein amino acid glycine is substituted 

by glutamic acid, T116A refers to a mutation' wherein the 116th M protein 

amino acid threonine is substituted by al^ninei, and A183S refers ( to 

a mutation wherein the 183rd M protein amino acid alanine is substituted 

• . • .i • • • 

by serine. In other words, G69, T116 t and. A183 in the Sendai virus 

15 M protein or homologous M protein sites , in other viruses, can be 
substituted by glutamic acid (E) , alanine (A), and serine (S) , 
respectively. These mutations are preferably utilized in combination, 
and it is particularly preferable to include all three of the 
above-mentioned mutations. M gene mutagenesis can be carried out 

20 according to a known mutagenizing method. For example, as described 
in the Examples, a mutation can be introduced . by using an 
oligonucleotide containing a desired mutation. 

In the case of measles virus foi: example, the M gene sequence 
of temperature-sensitive strain P253-505, in which the epitope 

25 sequence of an anti-M protein monoclonal antibody has been altered, 
can be used (Morikawa, Y. etal., Kitasato Arch. Exp. Med. 64., 15-30, 
1991) . In addition, the threonine at residue 104 of the measles virus 
M protein, or the threonine at residue 119 of the mumps virus M protein, 
which correspond to the threonine at residue 116 of the SeV M protein, 

30 may be substituted with any other amino acid (for example, alanine) . 

According to a more preferred embodiment, the vectors of the 
present invention comprise M gene deficiencies. The phrase "M gene 
deficiency" refers to a lack of the function of M protein, including 
cases where the vector has an M gene comprising a functionally deficient 

35 mutation, and cases where the M gene is absent from the vector. A 
functionally deficient M gene mutation can be produced, for example, 



by deleting the M gene protein-encoding sequence, or by inserting 
another sequence. For example, a termination codon can'be inserted 
partway through the M protein-encoding sequence (WO 00/09700) . Most 
preferably, the vectors of the present invention are completely deVoid 
of M protein-encoding sequences. Unlike a vector encoding a 
Conditional mutant M protein , a vector withoiit an M protein open reading 
frame. (ORF) cannot produce viral particles under any conditions. 

In order to produce the vectors of the present invention, cDNAs 
encoding the paramyxovirus' genomic RNA. are transcribed, in the 
presence of viral proteins necessary for .the reconstitution of RNPs 
which comprise the paramyxovirus' genomic RNA, i.e., in the presence 
of N, P, and L proteins . The viral RNP may be reconstituted by forming 
a negative strand genome (i.e. , the antisense strand that is the same 
asthe viral genome) or a positive Strang (the sense strand encoding 
the virai proteins) . For improved reconstitution efficiency, 
formation of the positive 'strand is preferable. The 3 ' -leader and. 
5 1 -trailer sequence at the RNA ends preferably reflects the natural 
viral genome as accurately as possible. To accurately control the 
5 '-end of the transcription product, a T7 RNA polymerase recognition 
sequence may be uised as a transcription initiation site to express 
the RNA polymerase in cells . The 3 1 -end of the transcription product 
can be controlled, for example, by encoding a self -cleaving ribozyme 
onto this 3 '-end, ensuring it is accurately cut (Hasan, M. K. et al . , 
J. Gen. Virol. 78, 2813-2820, 1997; Kato, A. et al . , EMBOJ. 16, 578-5^7, 
1997; Yu, D. et al., Genes Cells 2, 457-466, 1997). 

A cloning site for inserting foreign genes into cDNA that encodes 
the genomic RNA can be designed in order to facilitate insertion of 
a foreign gene. The site may be inserted at any preferred position 
of the protein non-coding region on the genome. Specifically, the 
site may be inserted between the 3 ' - leader region and the viral protein 
ORF closest to the 3' -terminus, between viral protein ORFs, and/or 
between the viral protein ORF closest to the 5' -terminus and the 
5' -trailer region. In an M gene-deficient genome, the cloning site 
can be designed at the deleted site of the M gene. The cloning site 
may be, for example, a recognition sequence for a restriction enzyme. 
The cloning site may be the so-called multi-cloning site comprising 
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a plurality of restriction enzyme recognition sequences . The cloning 
site can .be divided to exist at multiple sites on the genome so that 

a plurality of foreign genes can be inserted into different positions 

i 

of the gencpme . ■ 

5 Recombinant virus RNP lacking particle formation ability can 

be constructed according to, for .example, the descriptions in "Hasan, 
M. K. efc al., J. Gen. Virol .' 78 , 2813-2820 , 199V", "Kato, A*, et al . , 
EMBO J. 16, 578-587, 1-997" and "Yu, D. et al. , Genes Cells Q, 457-466,. 
1997". This* method is outlined, below: ' ' i 

10 To introduce a foreign gene, a DNA sample compriisinig the cDJtfA 

nucleotide sequence of the desired' foreign gene is first prepared. 
The DNA sample is preferably electrophoretically identified as a 
single plasmid at a concentration of 25 ng/|il .or more. The following 
example describes the use of the Notl site in the insertion of 'a foreign 

15 gene into DNA encoding viral genomic RNA: If the target cDNA nucleotide 
sequence comprises a Not I recognition site, this site should be removed 
beforehand using a technique such as site-specific mutagenesis to 
change the nucleotide sequence, without changing the amino acid 
sequence it codes. The desired gene fragment is amplified and 

2 0 recovered from this DNA sample using PCR. By attaching NotI sites 
to the 5 1 -regions, of the two primers, both ends of the amplified 
fragment become Nbtl sites. The,E-I-S sequence or a part thereof is 
included in the primer, so that the E-T-S sequence is placed between 
both the ORFs on either side of the viral genes, and the ORF of the 

25 foreign gene (after it has been incorporated into the viral genome) . 

For example, to assure cleavage by Not I, the forward side 
synthetic DNA sequence is arranged as follows : Two or more nucleotides 
(preferably four nucleotides , excluding sequences such as GCG and 
GCC that are derived from the NotI recognition site; more preferably 

30 ACTT) are randomly selected on its 5' -side, and a NotI recognition 
site "gcggccgc" is added to its 3 ' -side . In addition, a spacer sequence 
(nine random nucleotides, or nucleotides of nine plus a multiple of 
six) and an ORF (a sequence equivalent to about 25 nucleotides and 
comprising the initiation codon ATG of the desired cDNA) are also 

35 added to the 3' -side. About 25 nucleotides are preferably selected 
from the desired cDNA, such that G or C is the final nucleotides on 



the 3' -end of the forward side synthetic oligo DNA. 

i 

The reverse side synthetic DNA sequence is' arranged* as follows: 
Two or more random nucleotides (preferably four nucleotides , excluding 
sequences such as GCG and GCC that originate in the Not I recognition 
site; more preferably ACTT) are selected from the 5' -side, a NotI 
tecognition site "gcggqcgc" is added t6 ( the 3' -side, and an oligo 
DNA insertion fragment is further added -to the 3' -side in order to . 
regulate length. The length of this oligo DNA is designed such that 
the number of nucleotides in the final PCR-amplif ied NotI fragment 
product, which comprises the E-I-S sequence, becomes a multiple of 
six (the so-called "rule of six"; Kolakof ski, D. et al . , J. Virol. 
72, 891-899, 1998; Calain, P. and Roux, Lv, J. Virol. 67, 4822-4830, 
1993; Calain, P. and Roux, L . , J. Virol. 67, 4822-4830, 1993). A- 
sequence complementary to the Sendai virus S sequence, preferably 
5' -CTTTCACCCT-3 ' (SEQ ID NO: 8), a sequence complementary to the I 
sequence, preferably 5'-AA(5-3', and a sequence complementary to the. 
E sequence, preferably 5 ' -TTTTTCTTACTACGG- 3 ' (SEQ ID NO: 9), are 
further added to the 3 ' -side of the inserted oligo-DNA fragment . When 
these primers to which E-I-S sequence is added are used, the 3' -end 
of the reverse side synthetic DNA is formed by the addition of a 
complementary sequence, equivalent to about 25 nucleotides counted 
in reverse, from the termination codon of the desired cDNA, and whose 
length is selected such that G or C becomes the final nucleotide. 

PCR can be carried out according to a usual method with T*aq 
polymerase or such. Desired fragments thus amplified are digested 
with NotI, and then inserted into the NotI site of the plasmid vector 
pBluescript. The nucleotide sequences of the PCR products thus 
obtained are confirmed using a sequencer to select a plasmid comprising 
the correct sequence. The inserted fragment is excised from the 
plasmid using NotI, and cloned to the NotI site of the plasmid carrying 
the genomic cDNA. Alternatively, recombinant Sendai virus cDNA can 
be obtained by directly inserting the fragment into the NotI site, 
without the mediation of the plasmid vector. 

For example, a recombinant Sendai virus genome cDNA can be 
constructed according to the method described in the references (Yu, 
D. et al., Genes Cells 2, 457-466, 1997; Hasan, M. K. et al . , J. Gen.. 



Virol. 7.8*, 281372820, 1997). For 'example, an- 18 -bp spacer sequence 

comprising a.Notl restriction site (5 1 - (G) -CGGpCGCAGATCTTCACG-3 1 ) 

(SEQ. ID NO: 10) i's inserted intp a cloned Sendai virus genome cDNA 

(pSeV(+)) between the leader sequence and the ORF of N protein, and 

thus a plasmid pSeV18 + b ( + ) containing a. self -cleaving ribpzyme site 

derived from.' the antigenomic strand of delta-hepatitis virus is 

obtained (Hasan, M. K. et al . , J. General Virology 78, 2813-2820, 

1997) 1 ' 

. i ■ i 1 • 

In addition, for example, .in the case of M gene deletion, or 

introduction of 'a temperature 7 sensitive mutation, the cDNA encodir^g 

genomic RNA is . digested by a restriction enzyme, and the M 

gene -comprising fragments are collected and glon^d into an appropriate 

plasmid. M gene mutagenesis or construction of an M gene-deficient 

site is carried out using such .a, plasmid . The introduction of a 

mutation can be carried out, for example, using a QuikChange™ 

Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) according 

to the method described in the kit directions. For example, M gene 

def iciency or deletion can be carried out using a combined PCR-ligation 

method, whereby deletion of all or part of the M gene ORF, and ligation 

with an appropriate spacer sequence, can be achieved. After obtaining 

an M gene-mutated or -deficient sequence, fragments comprising the 

sequence f are recovered, and the M gene region in the original 

full- length cDNA is substituted by this Sequence. Thus, a viral genome 

cDNA comprising a mutated M gene, can be prepared. Using similar 

methods, mutation can be introduced into, for example, F and/or HN 

genes. 

The vectors of this invention can be reconstituted by 
intracellularly transcribing DNAs encoding the genomic RNAs in the 
presence of the viral protein. The present invention provides DNAs 
encoding the viral genomic RNAs. of the vectors of this invention, 
which are used to produce the vectors of this invention. Furthermore, 
the present invention relates to the use of DNAs encoding the genomic 
RNAs of the vectors for producing, the vectors of this invention. Viral 
reconstitution from (-) strand virus' genomic cDNAs can be carried 
out using known methods (WO 97/16539; WO 97/16538; Durbin, A. P. et 
al., Virology 23 5, 323-332, 1997; Whelan, S. P. et al . , Proc. Natl.. 
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' Acad. Sci. USA 92, 8388-8392; 1995; Schnell . M. J. et al . , EMBO. J. 
. 13, 4195-4203, 1994; Radecke, F. et al . , EMBO J.' 14, 5773-5784, 1995; 
Lawson, N. D. et al . , Proc. Natl. Acad. Sci. USA 92, 4477-4481, 1995; 
Garcin, D. et al., EMBO J. 14, 6087-6094, 1995; Kato, A. et al . , 'Gfenes 
5 ' Cells 1, 569-579, 1996; Baron, M. D. and. Barrett, T., J. Virol. 71, 
1265-1271, 1997; Bridg^n, A. and Elliott, 'R. M., Proc. Natl. Acad. 
Sci. USA 93, 15400-15404, 1996) . Using these methods, (-) strand RNA 
viruses', or RNP as viral components, can be reconstituted from their 
DNA, including viruses , such as parainfluenza virus, vesicular 
,10 stomatitis virus, rabies virus, measles virus, rinderpest virus, 
Sendai virus, etc. The vectors of the present invention can be 

reconstituted according to these methods. 

i 

Specifically, the vectors of the present invention can be 
produced by the steps of: (a) transcribing the cDNA, which encodes 
15. the paramyxoviral genomic RNA (negative strand RNA) or its 
. complementary strand (positive strand),, in cells expressing N, P, . 
and L proteins; and (b) collecting a complex, which comprises the 
genomic RNA, from the cells or their culture supernatant. The 
transcribed genomic RNA is replicated in the presence of N, L, and 

20 P proteins to form the RNP complex. When step (a) is performed in 

• - 

the presence of a protease that cleaves the modified F protein encoded 
by the genome, the resulting RNP is transferred to cells that are 
in contact with the cells, infection spreads, and the vector is 
amplified. According to this method, the vectors of this invention 
25 can be produced in RNP form in spite of the absence of a functional 
M protein. 

Enzymes needed for the initial transcription of the genomic RNA 
from DNA, such as T7 RNA polymerase, can be provided by transfecting 
plasmids or viral vectors that express the enzymes. Alternatively, 

30 the enzymes can be provided by incorporating their genes into the 
chromosome of cells to allow expression to be induced during virus 
reconstitution. Furthermore, viral proteins necessary for genomic 
RNA and vector reconstitution are provided, for example, by 
introducing plasmids that express these proteins. To provide these 

35 viral proteins, helper viruses such as wild-type paramyxovirus or 
certain kinds of mutant paramyxovirus may be used. However, since 
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this causes cbntamination by these viruses , the use of helper viruses 
is not prief erred. , 

; Methods fo!r transferring DNAs which express genomic RNAs into 
cells include; f or. example, the following: 1). the method for preparing 
5 DNA precipitates .that can be takfen up by objective cells; 2) .the method 

for preparing a positively charged DNA- comprising a complex which 

. . • i 

has low cytotoxicity and can be taken up by target cells.; and 3) the 
method for using electric pulses to instantaneously opeh holes in 1 
target cell membranes so that DNA molecules can pass through. 
10 In the above method 2) , .a variety of transfection reagents can 

be utilized, . examples including DOTMA (ftoche) , Superfect (QIAGEN 
#301305), DOTAP, DOPE, DOSPER (Roch<=s #1811169)), etc. An example ,of 
method 1) is a transfection method using calcium phosphate, in which 

DNA that enter ( s cells is incorporated into phagosomes, but is also 

i ■ i 

15 incorporated into the nuclei at sufficient amounts (Graham, F. L. 
and Van Der Eb, J.., Virology 52 , 456 , 1973; Wigler, M. and Silverstein, 
S., Cell 11, 223, 1977). Chen and Okayama . have investigated the 
optimization of this transfer technique, reporting that optimal 
precipitates can be obtained under conditions wherein 1) cells are 

20 incubated with co-precipitates in an atmosphere of 2% to 4% C0 2 at 
35°C for 15 to 24 hours; 2) circular DNA having a higher activity 
than linear DNA is used; and 3) DNA concentration in the precipitate 
mixture is 20 to 30 |ig/ml (Chen, C. and Okayama, H., Mol . Cell. Biol. 
7, 2745, 1987). Method 2) is suitable for transient transfection. 

25 In an older known method, a DEAE-dextran (Sigma #D-9885, M.W. 5x 10 5 ) 
mixture is prepared in a desired DNA concentration ratio, and 
transfection is performed . Since many complexes are decomposed inside 
endosomes, chloroquine may be added to enhance results (Calos, M. 
P., Proc. Natl. Acad. Sci. USA 80, 3015, 1983). Method 3) is referred 

30 to as electroporation, and is more versatile than methods 1) and 2) 
because it doesn't involve cell selectivity. Method 3) is said to 
be efficient when conditions are optimal for pulse electric current 
duration, pulse shape, electric field potency (the gap between 
electrodes, voltage), buffer conductivity, DNA concentration, and 

3 5 cell density. 

Of the above three categories, method 2) is easily operable, 
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and f acilitat'es, examination of many test samples using a large numbers 
of cells." Transf ection reagents are therefore, suitable for cases 

where DNA is introduced into, cells for , vector reconstitution. 

i 

Preferably,' Superfect Transf ection Reagent .(QIAGEN, Cat. No. 301305) 
5 or DOSPER Liposomal Transf ecti'on Reagent Roche , Cat. No.. 1811169) 
is used, but.'the transf ection reagents are not limited thereto. 

Specifically, the reconstitution of viral vectors f iromcDNA can 
be performed, .for example, as follows: 1 
Simian kidney-derived LLC - MK2 cells are cultured to 

10 approximately l'00% confluency in 24 -well to 6 -well plastic culture 
plates, or 100 mm diameter culture dishes' and such, using a minimum 
essential medium (MEM) containing ,10% fetal calf serum (FCS) and 
antibiotics (100 units/ml penicillin G and 100 Jig/ml streptomycin) . 
These cells ^re then infected, for .example, at 2 PFU/c'ell with 

15 recombinant vaccinia virus VTF7-3 expressing T7 polymerase. This 
virus has been inactivated by UV irradiation treatment for 20 minutes 
in the presence of 1 M-g/ml psoralen (Fuerst, T. R. et al . , Proc. Natl,. 
Acad. Sci.' USA 83, 8122-8126, 1986; Kato, A. et al., Genes Cells 1, 
569-579, 1996). The amount of psoralen added and the UV irradiation 

20 time can be appropriately adjusted. One hour after infection; the 
lipofection method or the like is used to transfect cells with 2 jig 
to 60 |Lig„ more preferably 3 |Lig to 2 0 |ig, of the above -described DNA, 
which encodes the genomic RNA of the recombinant Sendai virus . Such 
methods use Superfect (QIAGEN) , and plasmids which express the 

25 trans-acting viral proteins required for the production of viral RNP 
(0.5 \ig to 24 |ig of pGEM-N, 0.25 |lg to 12 \ig of pGEM-P and 0.5 Jig to 
24 Hg of pGEM-L) (Kato, A. et al . , Genes Cells 1, 569-579, 1996). 
The ratio of expression vectors encoding N, P, and L is preferably 
2:1:2. The amount of plasmid is appropriately adjusted, for example, 

30 to 1 |Hg to 4 |ig of pGEM-N, 0.5 \ig to 2 ^lg of pGEM-P, and 1 |Xg to 4 
(ig of pGEM-L. 

. The transf ected cells are cultured in a serum-free MEM containing 
100 (ig/ml each of rifampicin (Sigma) and cytosine arabinoside (AraC) 
if desired, more preferably containing only 40 (ig/ml of cytosine 
35 arabinoside (AraC) (Sigma) . Reagent concentrations are optimized for 
minimum vaccinia virus - caused cytotoxicity , and maximum recovery rate 
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of the virus (Kato, A. et al.' t Genes Cells 1, 569-579, 1996). After 
. transf ection, cells are cultured for about 48 hours to about 72 hours, 
recovered, and then disrupted by three repeated freezing and thawing 
cycles. LLC-MK2 cells are re-transf ected- with the disrupted* dells 
.5 " and then cultured. RNP may be introduced to cells as a complex formed 
together with, for example, lipof ectamine and a polycationic liposome . 
Specifically, a variety of transfection reagents can be utilized. 
, Examples of these are DOTMA (Roche) Superfect (QIAGEN #301305) , DOTAP, 

DOPE, DOSPER (Roche #1811169),' etc. Chloroquine may be added to 
.10 prevent RNP decomposition in endosomes' (Calos, M. P., Proc. Natl. 
Acad. Sci. USA 80, 3015, 1983). In cells transfected with RNP, the 
steps of expressing viral genes from RNP and replicating RNP proceed 
. to amplify the vector. By diluting the obtained cell lysate and 
repeating amplification, vaccinia virus vTF7-3 can be completely 
15 removed. Reamplif ication may be repeated, for example/ 3 times or 
, ' more. The obtained RNP can be stored at -80°C. 

Host cells used for reconstitution are not restricted so long 
as the viral vector can be reconstituted. For example, in the 
reconstitution of the Sendai virus vector and such, monkey 
20 kidney-derived LLC-MK2 cells arid CV-1 cells, cultured cells such as 
hamster kidney-derived BHK cells, human-derived cells, and such, can 
be used. By expressing a suitable envelope protein in these cells, 
infective virions comprising this protein in the envelope can be 
obtained. 

25 When the M gene in the viral genome is defective or deleted, 

viral particles are not formed from cells infected with such virus. 
Therefore, even though the vectors of this invention can be prepared 
as RNP or cells comprising RNP by the methods as described above, 
the vectors cannot be prepared as viral particles . Furthermore, after 

3 0 the transfection of RNPs, RNPs that proliferated in the cell are 
transmitted only to contacting cells. Therefore, infection spreads 
slowly which makes the production of large amounts of viral vector 
in high titers difficult. The present invention provides a method 
for producing the vectors of this invention as viral particles . Viral 

35 particles are more stable in solution as compared to RNPs . In addition, 
by letting the viral particles have infectivity, the vectors can be 
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introduced to t target cells through simple contact without' a 
transf ection reagent and such. Therefore, the viral particles are 
particularly usfeful in industrial application. As a method for 
producing t,he vectors of this invention as viral particles, the virus 
5 is reconstituted .under permissive conditions using a viral genome 
comprising ail M gene having a conditional" mutation. Specifically, 
the M protein functions to form particles ' by culturing cells 
transf ected" with a complex obtained through the above -described step* 
(a) or steps (a) and (b) under permissive :conditions . A method for 

10 producing viral particles that comprise genomic RNA encoding the 
mutant M protein having conditional' mutation comprises the steps of: 
(i) amplifying the RNP, which comprises , N, p, and L proteins of 
paramyxovirus' and the genomic RNA, intracellularly under conditions 
permissive for the mutant M protein; and (ii) collecting viral 

15 particles released into the cell culture supernatant. For example, 
a temperature-s t ensitive mutant M protein may be cultured at its 
permissive temperature. 

Another method for producing the vectors of the present invention 
as viral particles uses helper cells that express the M protein. By 

20 using M helper cells, the present inventors produced a vector wherein 
the cleavage site of the F protein is modified to a sequence that 
is cleaved by another protease ,^nd the M gene is mutated or deleted 
as viral particles . Since the method of this invention does not require 
a helper virus, such as the wild- type paramyxovirus, contamination 

25 by an M gene -comprising virus having particle forming ability does 
not occur. Thus, the vectors of this invention can be prepared in 
a pure form. The present invention provides viral particles which 
comprises (i) a genomic RNA of paramyxovirus wherein (a) a nucleic 
acid encoding the M protein is mutated or deleted, and (b)a modified 

30 F protein whose cleavage site sequence is substituted with a sequence 
that is cleaved by a protease that does not cleave the wild-type F 
protein is encoded, further wherein the viral particle: (1) has the 
ability to replicate the genomic RNA in a cell transfected with the 
viral particle; (2) shows significantly decreased or eliminated 

35 production of a viral particle in the intrahost environment; and (3) 
has the ability to introduce the genomic RNA in a cell that contacts 



with, the cell transfected with the viral particle comprising the 
' genomic RNA in the presence of the protease. According to a preferred 
embodiment, such viral particle will not produce viral particles. 
A method for producing the viral particles of this invention 
5 in cells expressing a functional M protein may comprise the steps 
of: (i) amplifying the 'RNP,, comprising N, '.P, and L proteins of the 
paramyxovirus, and the genomic RNA in cells expressing wild-type M 
protein of paramyxovirus or equivalent . proteins thereto; and 
(ii) collecting the viral particles released into the cell culture 
10 supernatant. So long as the wild-type M protein has activity to form 
viral particles, it may be derived from .a paramyxovirus from which 
. ' the genomic RNA is not derived. Furthermore, a tag peptide and such 
may be added to the protein, or alternatively, when it is expressed 
through an appropriate expressiqn vector, a linker peptide derived 
15 from the vector may be added to the protein. As described above, the 
1 ' prbteih to be used does not have to be the wild-type M protein itself 
but may be a protein having viral particle-forming ability equivalent 
to the wild-type protein. A viral particle produced from M 
protein-expressing cells comprises the M protein expressed in these 
20 cells in its envelope; however, it does not comprise the gene encoding 
, this protein. Therefore, the wild-type M protein is no longer 
expressed in cells infected with this virus. Thus, viral particles 
cannot be formed. 

♦ 

Production of helper cells expressing the M protein can be 
25 performed as described below. To prepare a vector that expresses the 
M protein in an inducible fashion, for example, inducible promoters 
or expression regulating systems using recombination (such as 
Cre/loxP) are used. A Cre/loxP inducible expression plasmid can be 
constructed using, for example, a plasmid pCALNdlw, which has been 
30 designed to inducibly express gene products using Cre DNA recombinase 
(Arai, T. et al . , J. Virology 72, 1115-1121, 1998) . As cells capable 
of expressing M proteins, helper cell lines capable of persistently 
expressing M proteins are preferably established by inducing M genes 
introduced into their chromosomes. For example, the monkey 
35 kidney-derived cell line LLC-MK2 or the like can be used for such 
cells. LLC-MK2 cells are cultured at 37°C in MEM containing 10%. 
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heat- treated 'impfiobi'li zed fetal bovine serum (FBS) , 50 units/ml sodium 
penicillin Q, and 50 (ig/ml. streptomycin, under, an atmosphere of 5% 

C0 2 . The above -m^ntionedplasmid, which has been designed to inducibly 

• i 

express the, M, gene products with Cre DNA re,combinase, is introduced 
5 into LLC-MK2 'cells using the 'calcium-phosphate method .(mammalian 
transf ection 'kit (Stratagene) ) according to a known protocol. 

For example, 10 \ig of M-expressiori plasmid may be introduced 
into LLC-MK2 cells grown to be 40% confluent in a 10-cm pl'ate. These' 
cells are then .incubated in an .incubator at 37°C, in 10 ml of MEM 

10 containing 10% 'FBS and under 5% C0 2 . After 24 hours of incubation, 
the cells are harvested and suspended in 10 ml of medium. The 
suspension is then plated onto five dishe^ of , 10-cm diameter: 5 ml 
of the suspension are added to one dish, 2 ml, to two dishes, arid 0.2 
ml to two dishes'. The cells in each d.ish are cultured with' 10 ml of 

15 MEM containing 10% FBS and. 1200 |ig/ml G418 (GIBCO-BRL) for 14 days; 
the medium is changed every two days. Thus, cell lines in which the 
gene has been stably introduced are selected. The G418-resistant 
cells grown. in the medium are harvested using cloning rings. Cells 
of each clone harvested are further cultured to confluence in a 10-cm 

20 plate. ' 

High-level expression of the M protein in helper cells is 
important in recovering a high, titer virus. For this purpose, for 
example, the above selection of M- expressing cells is preferably 
carried out twice or more. For example, an M-expressirig plasmid 

25 comprising a drug-resistance marker gene is transf ected, and cells 
comprising the M gene are selected using the drug. Following this, 
an M-expressing plasmid comprising a marker gene resistant to a 
different drug is transfected into the same cells, and cells are 
selected using this second drug-resistance marker. Cells selected 

30 using the second marker are likely to express M protein at a higher 
level than cells selected after the first transf ection . Thus, 
M-helper cells constructed through twice-repeated transf ections can 
be suitably applied. Since the M-helper cells can simultaneously 
express the F gene, production of infective viral particles deficient 

35 in both F and M genes is possible (WO 03/025570) . In this case, 
transfection of the F-gene-expressing plasmids more than twice is 



also suggested to raise the level of F protein expression induction. 
The genes of modified F proteins as described herein can be. used as 
F genes. 

An M protein induction expression may be .achieved by incubating 
cells to confluence, in a 6-cm dish, and then, for example, infecting 
these cells with adenovirus AxCANCre at ( M(!)I= -3, according to the 
method of Saito et al . (Saito et al . , Nucleic Acids Res . 23 , 3816-3821, . 
1995; Arai, T. et al . , J. Virol. 72, 1115-1121, 1998). . 

To* produce the virus particles of the present invention using 
cells that express wild-type M protein or an equivalent protein (M 
helper cells) , the above-described RNP. of the present invention may 

be introduced into these cells and then cultured . RNP can be introduced 

r • 

into M helper cells , for example, by the transf ection of RNP- containing 
cell lysate into M helper cells, or by cell fusion induced by the 
co-cultivation of RNP-producing cells and M helper, cells . ' It can also 
be < achieved by transcribing genomic RNA into M helper cells and 
conducting de novo RNP synthesis under 1 the presence of N, P, and L 
proteins . 

Above-described step (i) (the step of amplifying RNP using an 
M helper cell) is preferably carried out at a low temperature in the 
present invention. In the production of a vector using a 
temperature-sensitive mutant Mprotein, the process of producing viral 
particles is necessarily carried out at temperatures below the 
permissive temperature. However, surprisingly, the present 
inventors found that in the present method, efficient particle 
production was possible when the process of viral particle formation 
was carried out at low temperatures, even when using the wild-type 
M protein. In the context of the present invention, the term "low 
temperature" means 3 5°C or less, preferably 34 °C or less, more 
preferably 33 °C or less, and most preferably 32 °C or less. 

According to the present invention, viral particles can be 
released into the external fluid of virus -producing cells, for example, 
at a titer of lx 10 5 ClU/ml or more, preferably lx 10 6 ClU/ml or more, 
more preferably 5x 10 6 ClU/ml or more, more preferably lx 10 7 ClU/ml 
or more, more preferably 5x 10 7 ClU/ml or more, more preferably lx 
10 8 ClU/ml or more, and more preferably 5x 10 8 ClU/ml or more. The 
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virus titer can be measured by the methods described in the 
. specification and other literature (Kiyotani/ K. et al . , Virology 
177(1), 65-74, 1990; WO 00/70070). 

One preferred embodiment of a method for reconstituting a 

' 5 ' recombinant viral vector from the M-deficient viral genome cDNA is 
as follows: Namely, the method comprises the! steps of (a) transcribing 
a DNA. encoding the (negative -stranded or positive-stranded) genomic 
RNA in c'ells expressing the viral proteins necessary for the formation 
of infective viral particles (i .e. , NP, NP,. P, L, M, F, and HN proteins ) ; 

,10 (b) co-culturing these cells with cells expressing chromosomally 
integrated M gene (i.e., M helper cells), ; (c) preparing a cell extract 

from this culture; (d) transfecting the cells expressing the 

i- - 

chromosomally integrated M gene (i.e., M helper cells) with the extract 
and culturing these cells; arid (e) recovering viral particles from 

15 the culture supernatant. Step (d) is preferably carried out under 
. the low temperature conditions described. above . The. obtained viral 
particles can be amplified byire-inf ection of helper cells (preferably 
at low temperatures) . Specifically, the virus can be reconstituted 
according to the description in the Examples. The recovered viral 

20 particles can be diluted and then infected again to M helper cells 
to be amplified. This amplification step can be performed repeatedly 
two or three times or more. The obtained virus stock can be stored 
at -80°C. The virus titer can be determined by measuring the 
hemagglutination activity (HA). HA can be determined by the 

25 "end-point dilution method". 

Specifically, first, LLC-MK2 cells are plated onto a 100-mm dish 
at a density of 5x 10 6 cells/dish. When inducing the transcription 
of genomic RNA using T7 RNA polymerase, cells may be cultured for 
24 hours and then infected at room temperature for one hour with T7 

30 polymerase-expressing recombinant vaccinia virus (PLWUV-VacT7) at 
M0I= approximately 2, which has been treated with psoralen and 
long-wavelength ultraviolet light (365 nm) for 20 minutes (Fuerst, 
T.R. et al. t Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986). After 
the cells are washed with serum-free MEM, plasmids expressing the 

35 genomic RNA and plasmids expressing the N, P, L, F, and HN proteins 
of paramyxoviruses, respectively, are used to transfect cells using 
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appropriate lipof e'ction reagents 1 . The ratio, of plasmids can be, for 
example,. 6:2:1:2:2:2, but it is not limited thereto . After culturing 
for five hours,', 'the cells are washed twice with serum-free MEM, and 
then c.ultured in MEM containing 4 0 |ig/ml 

5 cytosine-P-D^arabinofuranoside (AraC,, Si^ma:, St . Louis, MO) and 7 . 5 
^g/ml trypsi'n (GIBCO-BRL, Rockville, MD) ; After culturing for 24 
hours, the cells are overlaid with cells that 'continuously express 
M protein (M helper cells) , at a density of about 8 . 5x 10 6 cells/dish, ■ 
and then cultured for a further two days at 37°C in MEM containing 

10 40 |ig/ml AraC 'and 7.5 |ig/ml trypsin (P0) . The culturedi cells are 

i 

collected and the precipitate is suspended in 2 ml /dish Opt iMEJM. After 
repeating the cycle of freezing and thawing for t^hree times, the lysate 
is directly transf ected to the M helper cells and the cells are cultured 
at 32°C.in s^rum-f ree MEM containing 40 jig/mL AraC and proteases that 

15 cleaves the. F protein (PI) . A portion of the culture supernatant is 
collected three to 14 days la.ter, infected into freshly prepared M 
helper cells, and then cultured at 32°C in serum-free MEM containing 
40 (ig/mL AraC and the protease (P2) . Three to 14 days later, freshly 
prepared M helper cells are reinfected, and cultured in the presence 

20 (for preparing F-cleaved virus) or absence (for preparing F-uncleaved 
viral particle) of the protease for three, to seven days at 32°C using 
serum-f ree* MEM (P3) . By, repeating the rqamplif ication three times 
or more, the initially used vaccinia virus can be completely eliminated. 
BSA is added to the collected culture supernatant at a final 

25 concentration of 1%, and this is stored at ~80°C. 

The viral particle of this invention may be an infectious 
particle whose modified F protein is cleaved, or may be a potentially 
infectious viral particle having no infectivity in its initial form 
but becoming infective upon treatment with. a protease that cleaves 

30 the modified F protein. The modified F protein encoded by the genome 
exists on the envelope of the viral . particle; however, it lacks 
s infectivity when left uncleaved. This kind of virus acquires 
infectivity though the treatment with a protease that cleaves the 
cleavage sequence of this modified F protein, or through contact with 

35 cells or tissues in the presence of the protease to cleave the F protein. 
In order to obtain viral particles whose modified F protein is not 



cleaved through the above virus production using virus producing cells , 

. the final step of virus amplification step may be performed in the 

absence of proteases that cleave the modified F protein. On the other 

hand, preparation of the virus in the presence of the protease allows 

.5 ' production of infective viral particles, with cleaved F protein. 

Furthermore, by expressing, in the. (Cell, an envelope protein 

that is not encoded in the viral genome during viral particle production, 

a viral 'particle comprising this protein in its envelope can be produced. 

An example of such an envelope -protein is the wild-type F protein. 

,10 The viral particle produced in this ma'nner encodes the modified F 

protein on its genomic RNA and carries the' wild- type F protein in 

addition to this modified protein on its • envelope . By providing the 
1 . i 

wild-type F protein in trans at the step of viral particle production 

and amplifying in the presence of trypsin that cleaves the protein, 

15 the viral particles become infective through the cleaVage of the 

wi,ld-type F protein on the viral particles . According to this. method, 

even if a protease that cleaves the modified F protein is not used, 

infective viral particles can be prepared at high titers. Therefore, 

the viral particles of this invention maybeviral particles comprising 

20 the wild-type F protein of a paramyxovirus. The wild-type F protein 

does not necessarily have to be derived from the same type of 
t • . 

paramyxovirus as the viral genome, and may be an envelope protein 

from another paramyxovirus. 

Moreover, viral particles comprising any desired viral envel6pe 

25 protein other than the wild-type F protein in the envelope can be 
produced. Specifically, during reconstitution of the virus, the 
desired envelope protein may be expressed in cells to produce viral 
vectors comprising, this envelope protein. There are no particular 
limitations to these proteins. A preferred example includes the G 

30 protein (VSV-G) of vesicular stomatitis virus (VSV) . The viral 
particles of the present invention comprise pseudotype viral vectors 
which comprise envelope proteins, such as the VSV-G protein, derived 
from viruses other than the virus from which the genomic RNA has been 
derived. As in the case with the wild-type F protein, this protein 

35 will not be expressed from the viral vector after infection of the 
viral particle into cells, since this envelope protein is not encoded 
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on the gfenomic ( RNA' of. the virus. 1 

The viral particles of this invention may comprise chimeric 
proteins, for example, which comprise on the, extracellular regipn, 
one or more .proteins that can adhere to specif ic cells on the surface 
5 of the envelope,, such as adhesion- factors , . ligands, receptors, and 
antibodies qt fragments thereof > and polypeptides derived from the 
viral envelope in the intracellular region.' This enables the 
production of vectors that infect specific tissues as targets. These' 
can be provided in trans by intracellular expression during 
10 reconstitution * of the viral vectors. Specific examples include 
fragments comprising the receptor binding domain of soluble factors 
such as cytokines, or antibody fragments against ( cell surface proteins 
(WO 01/20989)';. 

When preparing a vector having deficient viral genes , for 4 example , 

15 two or moi'e vector types, each of which has a different deficient 
viral gene in its viral genome, may be introduced into the same cells. 
Each deficient viral protein is then expressed and supplied by the 
other vector. This mutual complementation results in the formation 
of infective viral particles, and the viral vector can be amplified 

20 in the replication cycle. Namely, when two or more types of vector 
of the present invention are inoculated in combination to complement 
viral proteins, mixed viral g.ejie- deficient viral vectors can be 
produced on a large scale and at a loto cost. As these viruses lack 
viral genes, their genome is smaller than that of an intact virus, 

25 and they can thus comprise larger foreign genes. In addition, 
co-inf ectivity is difficult to maintain in these viruses, which are 
non-propagative due to viral gene deficiency and diluted outside of 
cells. Such vectors are thus sterile, which is advantageous from the 
viewpoint of controlling environmental release. 

30 Large amounts of a viral vector may be obtained by infecting 

the viral vector obtained by the above -described method into 
embryonated chicken eggs to amplify the vector. For example, M 
gene-transgenic chickens can be generated and the vectors may be 
inoculated to the chicken eggs for amplification. The basic method 

35 for producing viral vectors using chicken eggs has already been 
developed ( "Shinkei-kagaku Kenkyu-no Saisentan Protocol III, Bunshi 
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Shinkei Saibou Seirigaku (Leading edge techniques protocol III in 
. neuroscience research, Molecular, Cellular Neurophysiology) ", edited 
by Nakanishi, et al., KOSEISHA, Osaka; pp. 153-172 1993) . 
Specifically, for example, fertilized eggs are moved to an incubator 
5 ' and the embryo is grown under culture for. nine to twelve days at 37°C 
to 38°C. The viral veptor is then inoculated into the allantoic 
membrane cavity, the egg is incubated for a few days to proliferate . 
the viral vector. The allantoic fluid, containing the virus is then 
collected.. Conditions such as culture duration change according to 
.10 the recombinant virus amplified. Separation and purification of the 
viral vector from the allantoic fluid is .done according to conventional 

methods ("Protocols of Virology" by Masato Tashiro, edited by Nagai 

i - ■ 

and Ishihama, Medical View, . pp . 68 -73 , 1995). 

The recovered virus vectors can be pur;if ied to substantial purity . 

15 Purification can be performed by known purification and separation 
methods including filtratioh, centrifug^tioii, column chromatographic 
purification, and such, or combinations thereof. The phrase 
"substantial purity" used herein means that the virus vectors, as 
components , are the main proportion of the sample in which they exist . 

20 Typically, substantially pure' viral vectors can be detected by 
confirming that the ratio of virus-derived protein to total protein 
in the sample (except protein added as .a carrier or stabilizer) is 
10% or more, preferably 20% or more, more preferably 50% or more, 
more preferably 70% or more, more preferably 80% or more, and even 

25 more preferably 90% or more. Specifically, paramyxoviruses can be 
purified, for example, by a method in which cellulose sulfate ester 
or crbsslinked polysaccharide sulfate ester is used (JP-B No. Sho 
62-30752; JP-B Sho 62-33879; JP-B Sho 62-30753), a method in which 
adsorption to fucose sulfate -containing polysaccharide and/or a 

30 decomposition product thereof is used (WO 97/32010), etc. 

The M gene-deficient vector whose F cleavage site is modified 
transmits the vector intracellularly , in the presence of a specific 
protease, by cell fusogenic infection alone. Therefore, the vector 
of this invention is useful in gene therapy targeting tissues 

35 expressing a certain protease. Normal vectors enable gene transfer 
into the surface layer of the target tissue; however, they are incapable 



• ' ' I 1 ( ' , 

of penetf atirig ,to the interior of the tissue:. On the other hand, the 
vectors of this invention, have the ability infiltrate deeply into 
target tissues having enhanced. protease activity. For example, the 
vectors of this invention can be transmitted to the interior of cancer 
5 cells deeply infiltrated. into normal tissues by infecting to a portion 
of vector- inf ectable • cancer cells at the surface layer. 

The vectors of the present invention can be applied to cancer, 
arteriosclerosis, articular diseases such as rheumatoid arthritis* 
(RA) , and the like; .For example, in articular diseases such as RA, 

10 destruction of the higher order structure of the cartilage by 
extracellular matrix , degradation proceeds as described above, and 
the joint is. destroyed. By removing cells whose I?CM degradation enzyme 
activity is enhanced through the vector of this invention, articular 
destruction is ' expected to be diminished. Furthermore, in 

15 arteriosclerosis, accumulation of macrophage -derived foam cells 
proceeds. The fQam cells secrete a large amount of metalloproteinase 
and, as a result, destroy the fibrous hyperplasia to cause plaque 
breakdown*. By killing the macrophages that express MMP using the 
vectors of this invention, treatment of such arteriosclerosis is 

20 achieved. Moreover, as described below, various proteases 1 are 

activated in cancer. The vectors . of this invention are useful as 

. ■ » - * ■ • ■ 

therapeutic vectors that inf ect and infiltrate in a cancer-specific 

manner. 

To produce a composition comprising a vector of the present 
25 invention, the vector can be combined, as necessary, with a desired 
pharmaceutical^ acceptable carrier or solvent . A "pharmaceutical ly 
acceptable carrier or solvent" refers to a material that can be 
administered along with the vector and that does not significantly 
inhibit gene transfer of that vector. For example, vectors can be 
30 formulated into . compositions by appropriately diluting with 
physiological saline, phosphate -buff ered physiological saline (PBS) , 
or such. When the vectors are propagated in chicken eggs or such, 
the composition may contain allantoic fluid. Furthermore, 
. compositions comprising the vector may contain carriers or solvents 
35 such as deinonized water and 5% dextrose solution. In addition to 
these, the composition can contain vegetable oil, suspending agents, 
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detergents, stabilizers, biotides, etc. Further, preservatives and 
'■ other additives can be added to the composition. Compositions 
comprising the present vectors are useful as reageiits and 
pharmaceuticals. * 
•5 ' Vector dosage depends on the type, of disease, the patient's 

weight, age, sex and symptoms, the purpjo^e of administration, the 
dosage form of the composition to be administered, the method for. 
administration, type of gene to be introduced, etc. However, those 
skilled- in the art can routinely determine the proper dosage. The 
,10 administration dose of a vector is preferably within about 10 s to Id 11 
ClU/ml, more preferably within about 10 7 to 10 9 CIU/ml, most preferably 
within about lx 10 8 to 5x 10 8 ClU/ml . It is preferable to administer 
the vector mixed with pharmaceutically acceptable carriers. For 
administration to carcinoma tissues, veqtors can be administered to 

15 multiple points in the target site so that they distribute uniformly. 
, . ' Thje piref erred dose for each administration to a human individual is 
2x 10 9 to 2x 10 10 CIU. Administration can be carried out one or more 
times within the limits of clinically acceptable side effects. The 
frequency of daily administration can be similarly determined. When 

20 administering the viral vector to animals other than humans, for 
example, the dose to be administered can be determined by converting 
the above dose based on the weight ratio, or the volume ratio of the 
administration target sites (for example, an average value) between 
the target animals and humans. Compositions comprising the vect6rs 

25 of the present invention can be administered to all mammalian species 
including humans, monkeys, mice, rats, rabbits, sheep, cattle , . dogs, 
etc . 

The vectors of this invention are particularly useful in treating 
cancer. Cells infected with the vectors of this invention form 

30 syncytia by cell fusion under the presence of a protease. Utilizing 
this characteristic, the vectors of this invention can be used for 
treating cancers with enhanced activity of a specific protease. The 
present invention provides therapeutic compositions for cancers which 
comprise pharmaceutically acceptable carriers and the vectors of this 

35 invention encoding an F protein that is cleaved by a protease showing 
enhanced activity in cancers. Furthermore, the present invention 



relates t'o the upe of the vectors introducing therapeutic compositions 
for cancer., The present .invention further provides methods for 
treating cancer 'Which comprise the step of administering such vectprs 
to cancer tissues. Since the activity of ECM degradation enzyme is 
5 enhanced in infiltrating and metastatic malignant cancers, a vector 
comprising the gene of an F protein that is cleaved by ECM degradation 
enzyme can be used for specific infection to malignant cancers to 
cause death* of the cancer tissues. 1 » 

A vector of the present invention can further comprise foreign 

10 genes . The foreign gene may be a marker gene for monitoring infection 
by the vector or a. therapeutic gene for cancer. Examples of therapeutic 
genes include cell- inducible genes for apoptpsis and such; genes 
encoding cytotoxic proteins; cytokines; . and hormones. ' The 
administration of the vectors of this invention to cancets can be 

15 direct {in vivo) administration to cancers or indirect (ex vivo) 
administration, ^herein the vector is introduced into patient-derived 
cells or other cells, and the cells are then injected to cancers. 

The'targeted cancer may be any cancer in which the activity of 
a specific protease is enhanced. Examples include most invasive and 

20 metastatic malignant tumors (lung cancer , gastric cancer , colon cancer, 
esophageal cancer, breast cancer, and such) . However, proteases such 
as MMP, uPA, and tPA are expressed at low levels in some malignant 
cancers. Therefore, whether the. canter. can be targeted is judged 
according to presence or absence of enhanced protease activity. The 

25 vectors of this invention are particularly useful for application 
to a cancer that has infiltrated to. the submucosal layer in esophageal 
cancier, colon cancer progressed in the intrinsic sphincter to stage 
III and IV cancer, and invasive melanoma deeply infiltrated so that 
it cannot be completely removed by surgery. 

30 

Brief Description of the Drawings 

Fig. 1 is a schematic representation of the construction of an 
F-def icient SeV genome cDNA in which a temperature- sensitive mutation 
has been introduced into the M gene. 
35 Fig. 2 depicts the structures of viral genes constructed to 

suppress secondary particle release based on temperature-sensitive 
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mutations introduced into the M gene, and viral genes constructed 
or used to test and compare the effects of these introduced mutations. 

Fig. 3 provides microscopic images representing GFP expression 
in cells (LLC-MK2/F7/A) persistently expressing F protein, which Were 
cultured at 32°C and 37°C, respectively, for six days after infection 
with SeV18+/AF-GFP or $eV18+/MtsHNtsAF : GFP . 

Fig. 4 is a picture representing thexesult of semi -quantitative 
de termination, over time arid using Western blotting, of F protein 
expression levels in cells (LLC-MK2/F7/A) persistently expressing 
SeV-F protein, which were cultured in t'fypsin-f ree, serum-free MEM 
at 32°C or 37°C. , ' 

Fig. 5 provides microscopic images representing GFP expression 
in LLC-MK2 cells. which were cultured at 32°C, 37°C or 38°C for three 
days after infection with SeV18,+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI= 3. 

Fig. 6 depicts hemagglutination activity (HA activity), in the 
culture supernatant, which was sampled. over time (supplemented with 
fresh medium at the same time) , of LLC- MK2 cells cultured at 32°C, 
37°C or 38°C after infection . with SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI= 3'. 

Fig. 7 provides pictures representing the ratio of M protein 
level in cells to that in virus-like particles (VLPs) . This ratio 
was determined by Western blotting using an anti-M antibody. The 
culture supernatant and cells were recovered from a LLC-MK2 cdll 
culture incubated at 37°C for two days after infection with SeV18+GFP, 
SeV18 + /AF-GFP or SeV18 + /MtsHNtsAF-GFP at MOI= 3 . Each lane contained 
the equivalent of 1/10 of the content of one well from a 6-well plate 
culture. 

Fig. 8 depicts SEAP activity in the culture supernatant of 
LLC-MK2 cells cultured for 12, 18, 24, 50, or 120 hours after infection 
with SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 

Fig. 9 depicts HA activity in the culture supernatant of LLC-MK2 
cells cultured for 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at M0I= 3. 

Fig . 10 is a picture representing the quantity of VLPs determined 
by Western blotting using an anti-M antibody. LLC-MK2 cells were 
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cultured* for; f,ive days after infection with SeV18+SEAP/AF-GFP or 
SeV18+SEAP/yitsHNtsAF-GFP at MOI= 3. The culture supernatant was 
centrifuged to* 1 recover the viruses. Each lane contained the 
equivalent , of 1/10 of the content of one • well from a 6-well plate 

5 culture. ., . ■ • ; 

i ■ ♦ 

Fig. 11. depicts cytotoxicity estimates based on the quantity 
of LDH released into the cell culture medium. ' LLC-MK2, BEAS-2B or 
CV-1 cells' were infected with SeV18+GFP, SeV18+/AF-GFP or' 
SeV18+/MtsHNtsAF-GFP at MOI= 0.01, 0.03, 0.1, 0.3, 1, 3, or 10. Cells 

10 were cultured in a serum- free or 10% FBS -containing medium, and the 

i 

cytotoxicity assay was carried out three oT six days after infection,, 
respectively. ( The relative cytotoxicity values of cells are 
represented, considering the cytotoxicity of equal numbers of cells, 
100% of which are lysed by cell den^turant (Triton) , as 100%'. 

15 Fig.' 12 ' provides pictures representing the subcellular 

localization of phe M protein in LLC-MK2 cells cultured at 32°C, 37°C 
or 38°C for two days after infection with SeV18+GFP, SeV18 + /AF-GF;P 
or. SeV18+/MtsHNtsA-F-GFP at MOI= 1, which was observed by 
immunostaining using an anti-M antibody. 

20 Fig. 13 provides stereo three-dimensional images for the 

subcellular localization of the M. and HN proteins observed under a 
. confocal laser microscope. , ,A-10 cells were infected' with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHlS[tsAF-GFP at MOI= 1, and then 
cultured in medium containing 10% serum at 32 °C or 3 7°C for one day. 

25 These images were obtained by immunostaining using an anti-M antibody 
and anti-HN antibody. 

. Fig. 14 provides stereo three-dimensional images for the 
subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 

30 SeV18+SEAP/AF-GFP, or SeV18+SEAP/MtsHNtsAF-GFP at M0I= 1, and then 

cultured in medium containing 10% serum at 32°C or 37°C for two days. 

These images were obtained by immunostaining using an anti-M antibody 

and anti-HN antibody. 

Fig. 15 provides pictureis representing the effects of a 
35 microtubule depolymerization reagent on the subcellular localization 

of the M and HN proteins. A-10 cells were infected with 
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SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a microtubule 
. depolymerization reagent, colchicine or colcemid, was ' immediately 
added to these cells at a final concentration of 1 |1M. The cells were 
cultured in medium containing 10% serum at 32°C. After two days; the 
,5 ' cells were immunostained with an anti-M antibody and anti-HN antibody 
•and then observed under a conf ocal ' laser microscope. These 
photographs show stereo three-dimensional images of the subcellular, 
localisation of the M and HN proteins. 

Fig,. 16 provides ( pictures representing the effects of a 
10' microtubule depolymerization reagent on 'the subcellular localization 
of the M and HN proteins . A- 10 cells were inf ected with SeV18 + /AF-GFP. 
or SeV18+/MtsHNtsAF-GFP.at M0I = 1, and a microtubule depolymerization 
reagent, colchicine, was immediately added to the cells at a final 
concentration of 1 fiM. The cells were cultured in medium containing 
15 10% serum at 32°C or 37°C. After two days, these ' cells were 
imjmiriostained with anti-M 1 antibody and anti-HN antibody, and then 
observed under a conf ocal laser microscope. These photographs show 
stereo three-dimensional images for the subcellular localization of 
the M and HN proteins. 
20 Fig. 17 is a schematic representation of the construction of 

an M- deficient SeV genome cDNA comprising the EGFP gene. 

Fig. 18 is a schematic representation of the construction of 
an F- and M-def icient SeV genome cDNA. 

Fig. 19 depicts the structures of the constructed F- and/or 
25 M-def icient SeV genes. 

Fig. 20 is a schematic representation of the construction of 
an M gene -expressing plasmid comprising the hygromycin-resistance 
gene . 

Fig. 21 provides pictures representing a semi-quantitative 
30 comparison, by Western blotting, of the expression levels of the M 
and F proteins in cloned cells inducibly expressing the cloned M protein 
(and F protein) ; following infection with a recombinant adenovirus 
(AcCANCre) that expresses Cre DNA recombinase. 

Fig. 22 provides pictures representing the viral reconstitution 
35 of an M-def icient SeV (SeV18+/AM-GFP) with helper cell (LLC-MK2/F7/M) 
clones #18 and #62 . 



Fig. 23 depicts. the viral productivity of SeV18+/AM-GFP (CIU 
and HAU time courses) . , 

Fig. 24 prdvides pictures, and .an illustration representing the 
results of RT-PCR. confirming gene structure' in SeV18+/AM-GFP virions. 
5 Fig.. 25 provides pictures representing the result of a.comparison 

of SeV18+/AM-GF.P with SeV18+GFP and . SeV18 + /AF-GFP, where, after 
infection of LLC-MK2 cells, Western blotting was carried out on the 
viral proteins from these cells and cell cultures to conf itm the viral' 
structure of SeV18+/AM-GFP from a protein viewpoint. 
10 Fig. 26 ' provides pictures representing a quantitative 

comparison of virus -derived proteins in the culture supernatant of 

LLC-MK2 cells infected with SeV18+/A^-GFP and SeV18+/AF-GFP (a series 
of dilutions were prepared and assayed using Western blotting) . 
Anti-SeV antibody was used. , 
15 Fig .' 27 depicts HA act ivity in the culture supernatant , collected 

over time, of , LLC-MK2 cells infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at MOI= 3. 

Fig. 28 provides fluorescence microscopic images obtained five 

days after LLC-MK2 cells were infected with SeV18+/AM-GFP or 
20 SeV18 + /AF-GFP at JV10I= 3 . 

Fig. 29 provides fluorescence microscopic images of LLC-MK2 

cells prepared as follows: , LLC-MK2 cells were infected* with 

SeV18 + /AM-GFP or SeV18+/AF-GFP at MOl = 3, and then five days after 

infection the culture supernatant was recovered and transf ected into 
25 LLC-MK2 cells using a cationic liposome (Dosper) . Microscopic 

observation was carried out after two days. 

Fig. 30 depicts the design of the amino acid sequences at the 

F1/F2 cleavage sites (activation sites of the F protein) . The 

recognition sequences of proteases (MMP or uPA) highly expressed in 
3 0 cancer cells were designed based on those of the synthetic substrates . 

From the top, the sequences of SEQ ID NOs: 4 0 to 44 are shown. 

. Fig. 31 is a schematic representation of the construction of 

an M-def icient SeV vector cDNA in which the activation site of F is 

modified. 

35 Fig. 32 provides pictures representing protease-dependent cell 

fusogenic infection by F-modified, M-def icient Sendai viral vectors. 



By using LLC-MK2, it was confirmed that modification of F causes cell 
fusogenic infection in a protease-dependent manner. Each of the 
M-def icient SeVs (SeV/AM-GFP (A, B, C, J, K, ahdL) , SeV/F (MMP#2) AM-GFP 
(D, E, F, M, N, and 0) , and SeV/F (uPA) AM-GFP (G, H, I, P,0, and R) ) 
was infected to cells with simultaneous addition of 0.1 |lg/ml 
collagenase (Clostridia) (B, E, and H) MMP-2 (C, F # and I) , MMP-9 

(J, M, and P) , uPA (K, N, and Q) , and 7 \ 5 jig/tal trypsin (L, Q, and. 
R) . Four days later,, the cells were observed under a fluorescent 

microscope. Only in LLC-MK2 added with trypsin, SeV/ AM-GFP comprising 
unmodified F caused cell fusion of infected cells with surrounding 
cells, resulting in cell fusogenic infection to form multinuclear 
cells, syncytia (L) . In LLC-MK2 to which collagenase , MMP-2, andMMP-9 
were added, SeV/F (MMP#2) AM-GFP comprising anMMP degradation sequence 
introduced in F caused cell fusogenic infection to form syncytia (E, 

F, and M) . On the other hand, SeV/ (uPA) AM-GFP comprising 
urokinase -type plasminogen 1 activator (vPA) and tissue-type PA (tPA) 
degradation sequences introduced in F was observed to cause cell 
fusogenic infection under the presence of trypsin, and by further 
modification, formation of syncytia was observed under the presence 
of uPA (Q and R) . 

Fig. 33 provides pictures representing protease-dependent cell 
fusogenic infection of cancer cells by F-modif ied, M-def icient Sendai 
viral vectors . Experiments were performed to test whether endogenous 
protease-selective cell fusogenic infection can be observed. i!he 
following cells were used: HT1080, an MMP- expressing cancer cell 
strain (A, D, and G) ; MKN28, a t PA- expressing strain (B, E, and H) ; 
and SW620, cell strain expressing neither of these proteases (C, F, 
and I) . In HT1080, the infection spread only with SeV/F (MMP#2) AM-GFP 
ten times or more (D) . In tPA-expressing strain MKN28, cell fusogenic 

infection was observed to spread only with SeV/F (uPA) AM-GFP . In SW620 
expressing neither of these proteases, no spread of infection could 
be observed. 

Fig. 34 provides pictures representing MMP induction by phorbol 
ester and induction of cell fusogenic infection by an F-modified, 
M-def icient Sendai viral vector. The expression of MMP-2 and MMP-9 
was confirmed by gelatin zymography in which the portion where 
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gelatinolytic activity exists becomes clear . (A) . Lane C represents 
the control 1 Lane T shows the result wherein the supernatant obtained 
after induct ion with 2 0 nM PMA was used. A band corresponding to MMP-9 
was observed, in, HT1080 and Pane I, proving induction of MMP-9. 
5 Regarding MMP-2,- latent MMP-2 having hardly any activity is detected 
in Pane I before • induction,. As indicated in Fig. 34B, 

SeV/F (MMP#2) AM-GFP displayed cell fusogenic infection due to MMP-9 
induction. • \ 

Fig. 35 provides pictures representing cell fusogenic infection 

10 of an F-modified, M-deficient Sendai viral vector in vivo. HT1O0O 
carcinoma-bearing nude mice were prepared. 1 Among them, animals having 
carcinoma with a diameter of more than 3 mm, seyen to nine days after 
subcutaneous injection were used. A 'fifty |1L dose of SeV was injected 
once into the animals. Two days later, the carcinoma was 'observed 

15 under a fluorescent microscope. Panels A, p, G, and J are bright field 
images; B, E, H, ( and K are' the corresponding fluorescent images of 
GFP; and C, F, I, and L are their enlarged images. Fluorescence was 
observed only in the region surrounding the site to which SeV-GFP 
and SeV/ AM-GFP, respectively, had been injected (panels E and H) . 

2 0 In contrast, injection of SeV/F (MMP#2) AM-GFP was observed to spread 
the fluorescence throughout the entire cancer (panel K) . In the 
enlarged images, fluorescence ir\ each of the cells can be confirmed 
for SeV-GFP and SeV/ AM-GFP; however,' the shapes of the cells were 
unclear for SeV/F (MMP#2 ) AM-GFP which suggests occurrence of cell 

25 fusion. 

Fig. 36 depicts cell fusogenic infection of an F-mpdified, 
M-deficient Sendai viral vector in vivo. The percentages of GFP to 
the entire cancer in the pictures of Fig. 3 5 were measured from their 
areas using NIH image. As a result, SeV-GFP and SeV/ AM-GFP showed 

30 10% and 20% infections, respectively; whereas SeV/F (MMP#2 ) AM-GFP 
showed 90% infection, suggesting obvious spreading of infection. 

Fig. 37 depicts the antitumor effects of F-modified, M-deficient 
SeV vectors in carcinoma-bearing nude mice . The volume of the 
carcinoma of the mice assayed in Fig. 35 was measured. Four groups 

35 of SeVs were injected into carcinomas with a diameter of 3 mm or more. 
Reinject ion was performed two days later, and the size of the carcinoma 
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was measured. Carcinomas to which PBS, SeV-GFP, and SeV/ AM-GFP were 
, injected showed rapid growth. In contrast, • those injected with 

SeV/F (MMP#2 ) AM-GFP demonstrated in the assays of Fig. 3 6 to spread 

throughout the entire carcinoma clearly , did not proliferate 1 and 
. 5 ' remained small. Significant antitumor effects as compared to the 

other three groups was observed at P< 0 . 05) according to the t-test. 
Fig. 38 provides pictures: representing protease 

expression-selective infection ( of an' F-uncleaved, F-mddified, 

M-def icient SeV vector to cancer cells . The possibility of selective 
10 ' infection by protease expression was examined in MMP- express ing HT1 080 

strain, t PA- express ing MKN28 strain, and SW620 that hardly expresses 

proteases. Infection, by SeV/F (MMP#2) AM-GFP was observed in 
MMP -express ing HT1080 strain, but not in tPA-expressing MKN28 strain. 

Infection by SeV/F (uPA) AM-GFP was obseryed in t PA- express ing MKN2 8 

15 strain, but in MMP -express ing HT1080 strain. 

Fig. 39 provides pictures representing the acquisition of 
infection ability via the F T uncleaved, ( F-modi.f ied, M-deficierit SeV 
vector due to MMP-3 and MMP-7 induction by fibroblasts. Changes in 
the infectivity of the F-modified, M-def icient SeV vector due to MMP 

20 induction by fibroblasts in vit!ro was examined using SW480 and WiDr. 
Co-culturing human fibroblasts (hFB) with SW480 and WiDr* caused 
infection of SeV/F (MMP#2 ) AM-GFP (B and D) . Such phenomenon was not 
observed in SW62 0 where induction did not take place (F) . 

Fig;. 40 provides pictures representing MMP-selective infection 

25 of an F-modified, M-def icient SeV vector to human aortic smooth muscle 
cells. Infection of SeV/ AM-GFP proceeds only by the addition of 
trypsin. In contrast, the infection of SeV/F (MMP#2) AM-GFP proceeds 
with collagenase, MMP-2, MMP-3, and MMP- 9. 

Fig. 41 provides pictures representing the cleavage of the 

3 0 protease -dependent F protein within the F-modified, M-def icient SeV 
vector. The protease -dependent cleavage of F0 of Sendai virus to Fl 
was confirmed by Western blotting. An M-def icient SeV vector 
comprising unmodified F (shown in lanes 1 , 4, 7, andlO), an.M-def icient 
SeV vector with insertion of an MMP#2 sequence into F (shown in lanes 

35 2, 5, 8, and 11), and an M-deficient SeV vector with insertion of 
a uPA sequence into F (shown in lanes 3, 6, 9, and 12) were treated 
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with aboVe- described proteases (untreated (lanes r, 2, and 3); 0.1 
ng/mL MMP-9 (lanes 4, 5 # and 6); 0.1 ng/mL uPA ( (lanes 7, 8, and 9); 
and 7.5 |ig/mL trypsin (lanes 10., 11, and 12),) at 37°C for 30 minutjes. 
As a result,, ,F1 cleavage occurred depending on the inserted protease 
5 substrates. Namely, trypsin cleaved the F protein of the F-unmodified 
M-def icient iSeV vector, MMP-9 cleaved that of the M-def icient SeV 
vector having the MMP#2 sequence inserted into the F protein, and 
uPA cleaved that of the M-def icient SeV vector having the u!PA seguence» 
inserted into the F protein.. 

10 Fig. 42 depicts the production of cytoplasmic domain deletion 

mutants of F, and compares their fusogenicity through simultaneous 
expression with HN. Fig. 42A is. a schematic Representation of the 
construction of the cytoplasmic domain deletion mutants of Sendai 
viral F protein.' From the top, SEQ ID NOs : '.76 to 79. Fig. 42B depicts 

15 the production of cytoplasmic domain deletion mutants of the F protein 
and the comparison of fusogenicity due to simultaneous expression 
with HN. Each of the cytoplasmic domain deletion mutants of Sendai 
viral F protein and HN were expressed simultaneously in LLC-MK2 cells 
added with 7.5 (ig/mL trypsin. Four days later, nuclear staining was 

20 performed with hematoxylin, and the number of nuclei that underwent 
syncytium formation was counted. , 

Fig. 43 depicts the drastiq increase»of fusogenicity resulting 
from the F/HN chimeric protein. Fig. '4 3 A shows the structure of" the 
F/HN chimeric protein. The linker sequence is described in SEQ ID 

2 5 NO: 80. Fig. 43B shows the increased fusogenicity of the F/HN chimeric 
protein by the insertion of a linker. Each of the Sendai viral F/HN 
chimeric proteins and HN were expressed simultaneously in LLC-MK2 
cells added with 7.5 |ig/mL trypsin. 

Fig. 44 provides a schematic representation and pictures 

30 depicting the outline of the MMP substrate sequence insertion into 
the F cleavage site of the F/HN chimeric proteins. Fig. 44A is a 
schematic representation of the construction of F-modified F/HN 
chimeric proteins inserted with MMP substrate sequences. From the 
. top, SEQ ID NOs: 81 to 89. Fig. 44B depicts the syncytium formation 

35 due to the expression of F-modified F/HN in MMP -expressing HT1080 
cells. 
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Fig. 45 depicts the modification of the F peptide (fusion 

peptide) and its concentration-dependent effect on syncytium 

formation. Fig. 45A is a schematic representation of the construction 

of modif ied fusion peptides. From the top, SEQ ID NOs : 90 to '93 . 

Fig. 45B depicts the fusogenicity of MMP#2, MMP#6, and MMP#6G12A 

relative to the concentration of added cdllagenase (Clostridium) . 
_» * -it 

. Fig. 46 depicts the genomic structure of the improved F-modif ied . 

M-deficient Sendai viruses. » 

Fig. 47 provides pictures representing the spreading. of the 

improved F-modified, M-deficient Sendai viruses in cancer with low 

expression levels of MMP. The spread, of cell fusion 2 days after 

infection of the improved F-modified M-deficient Sendai viruses are 

shown. 

Fig. 48 is a picture representing ., MMP- 2 and MMP- 9 expression 
in cancer cell lines. Gelatin zymograptiy of the supernatants of the 
cancer .cell lines is showrl. 

Fig. 49 depicts the • spreading of the improved F-modified 
M-deficient Sendai viruses in tumors with low expression levels of 
MMP. Comparison of the number of syncytia per 0.3 cm 2 two days after 
infection is indicated. "AM" denotes SeV18+/AM-GFP, w #2" denotes 
SeV18+/F(MMP#2) AM-GFP, w #6" denotes SeV/F (MMP#6 ) AM-GFP, w #6ctl4" 
denotes SeV (TDK) /Fctl4 (MMP#6) AM-GFP, and "F/HN chimera" denotes 
SeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP. 

Best Mode for Carrying Out the Invention 

Herein below, the present invention is specif ically described 
using Examples; however, it is not to be construed as being limited 
thereto. All references cited herein are incorporated by reference 
herein as a part of this description. 

1. Construction of SeV vectors with decreased or defective particle 
forming ability 

[Example 1] Construction of a temperature -sensitive mutant SeV genome 
cDNA: 

An SeV genome cDNA in which temperature-sensitive mutations were 
introduced in M gene was constructed. Fig. 1, which shows a scheme 
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that represents the construction of the cDNA, is described as follows . 
An F-deficient full-length Sendai viral genome, cDNA containing the 
EGFP gene at th6' F deletion site (pSeV18+/AF-GFP: Li , H. -0. et al , 
J. Virology 74,. 6564-6569, 2000; WO 00/70070) was digested with Nael . . 
5 The M gene -containing fragment' (4922 bp) w t as separated using agarose • , ' • ' 
electrophoresis,. After cutting the band of interest out, the DNA was 
recovered by QIAEXI I Gel Extraction System (QIAGEN, Bothell', WA) and : j 

subcloned into pBluescript II (Stratagene, La Jolla, CA) kt the EcoRV ! - • 
site (pBlueNaelf rg-AFGFP • construction). .. Introduction of • 

10 temperature-sensitive mutations into the M gene of pBlueNaelf rg-AFGFP 
was achieved using . a QuikChange Trt 'Site^Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) , according to the kit method. The thjree 
types of mutation introduced into the.M gene were G69E, T116A and 
A183S, based pn the sequence of . the CJ..151 strain reported' by Kondo 

15 et al. (Kondo,T. et al.,.J. Biol. Chem., 268 , 21924-21930 , 1993). 
The sequences of the synthetic oligonucleotides, used to introduce 
the mutations were as follows: 

G69E (5 ' -gaaacaaacaaccaatctagagagcgtatctgacttgac-3 1 /SEQ ID NO: 11, 
5 1 -gtcaagtcagatacgctctctagattggttgtttgtttc-3 1 /SEQ ID NO: 12), 

20 T116A (5 1 -attacggtgaggagggctgttcgagcaggag-3 ' /SEQ ID NO: ' 13, 
5 1 -ctcctgctcgaacagccctcctcaccgtaat-3 1 /SEQ ID NO: 14) and 
A183S (5 ' -ggggcaatcaccatatccaagatcccaaagacc-3 1 /SEQ ID NO:' 15, 
5 ■ -ggtctttgggatcttggatatggtgattgcccc-3 1 /SEQ ID NO: 16). 

The plasmid pBlueNaelf rg-AFGFP, whose M gene contains the three 

25 mutations, was digested with Sail and then partially digested with 
ApaLI. The fragment containing the entire M gene was then recovered 
(2644 bp) . pSeV18+/AF-GFP was digested with ApaLl/Nhel, and the HN 
gene -containing fragment (6287 bp) was recovered. The two fragments 
were subcloned into Litmus38 (New England Biolabs, Beverly, MA) at 

30 the Sall/Nhel site (LitmusSall/Nhelf rg-MtsAFGFP construction) . 
Temperature-sensitive mutations were introduced into the 
LitmusSall/Nhelf rg-MtsAFGFP HN gene in the same way as for the 
introduction of mutations into the M gene, by using a QuikChange™ 
Site-Directed Mutagenesis Kit according to the kit method. The three 

35 mutations introduced into the HN gene were A262T, G264R and K461G, 
based on the sequence of ts271 strain reported by Thompson et al.. 



(Thompson, S.D. et al . , Virology 160, 1-8, 1987). The sequences of 
, the synthetic oligonucleotides used to introduce the mutations were 
as follows: • 
A262T/G264R (5 1 -catgctctgtggtgacaacccggactaggggttatca-3 1 /SfiQ ID 
.5 • NO: 17, 5 1 -tgataacccctagtccgggttgtcaccacagagcatg-3 1 /SEQ ID NO: 18) , 
and .i 

K461G (5 1 -cttgtctagaccaggaaatgaagagtgcaattggtacaata-3 1 /SEQ ID NO: 
19, 5 1 -tattgtaccaattgcactcttcatttcctggtctagacaag-3 1 /SEQ ID NO: 20) . 
While the mutations were introduced into the M and HN genes in 

10 separate vectors, it is also possible to introduce all of the mutations 
into both M and HN genes by using a plasmid (LitmusSall/Nhelf rg-AFGFP) 
obtained by subcloning, at the Sall/Nhel site of Litmus38, a fragment 
containing the M and HN genes (8931 bp) , provided by digesting 
pSeV18+/AF-GFP with Sall/Nhel . Successive introduction of mutations 

15 resulted in the introduction of six temperature-sensitive mutations 
in, total; three mutations in the M gene> and three mutations in the 
HN gene (LitmusSall/Nhelf rg-MtsHNtsAFGFP construction) . 

LitmusSall/Nhelf rg-MtsHNtsAFGFP was digested with Sall/Nhel 
and an 8931 bp fragment was recovered. Another fragment (8294 bp), 

20 lacking the M and HN genes and such, was recovered on digestion of 
pSeV18+/AF-GFP with Sall/Nhel . Both fragments were ligated together 
to construct the F-deficient full-length Sendai virus genome cDNA 
(pSeV18+/MtsHNtsAF-GFP) comprising the six temperature-sensitive 
mutations in the M and HN genes, and the EGFP gene at the site 'of 

25 the F deletion (Fig. 2). 

Further, to quantify the expression level of genes in the plasmid, 
a cDNA containing the secretory alkaline phosphatase (SEAP) gene was 
also constructed. Specifically, Notl was used to cut out an SEAP 
fragment (1638 bp) comprising the termination signal -intervening 

30 sequence-initiation signal downstream of the SEAP gene (WO 00/70070) . 
This fragment was recovered and purified following electrophoresis. 
The fragment was then inserted into pSeV18+/AF-GFP and 
pSeV18+/MtsHNtsAF-GFP at their respective Notl sites. The resulting 
plasmids were named pSeV18+SEAP/AF-GFP and pSeV18+SEAP/MtsHNtsAF-GFP, 

35 respectively (Fig. 2) . 
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[Example 2] Reconstitution and amplification. of virus introduced with 
temperature -sensitive mutations: 

Viral recpnstitution was performed according to the procedure 
reported by l*i et al. (Li, H.-O. et.al., J, Virology 74, 6564-6569, 
5 2000; WO 00/70070). ' F protein .helper . cells , prepared using an 
inducible Cre/loxP expression system, were' utilized to reconstitute 
F-deficient viruses. The system uses apCALNd'Lw plasmid, designed 
for Cre DNA' recombinase-mediated inducible gene product 1 expression ' 
(Arai, T. et all, J. Virol. 72, 1115-1121, 1988). In this system, 

10 the inserted gene is expressed in a transf ormant carrying this plasmid 
using the method of Saito et al. to 'infect the transf ormant with a 
recombinant adenovirus (AxCANCre) expressing, Cre DNA recombinase 
(Saito, 'I. et al., Nucleic Acids Res. 23, 3.816-3821, 1995 ;'Arai, 
T. et al., J. Virol. 72, 1115-1121, 1998)'. In the case of the SeV-F 

15 protein, the transformed cells comprising the F gene are herein 
referred to as LLC-MK2/F7 ,' and cells persistently expressing the F 
protein after induction by AxCANCre are herein referred to as 
LLC - MK2 / FV / A . 

Reconstitution of the virus comprising . the 

20 temperature -sensitive mutations was carried out as follows: LLC-MK2 
cells were plated onto a 100-mm dish at 5x 10 6 cells/dish, and then 
cultured for 24 hours . T7 polymerase-expre^sirig recombinant vacicinia 
virus, which had been treated with 'psoralen and long -wave length 
ultraviolet light (365 nm) for 20 minutes (PLWUV-VacT7 : Fuerst, T.R. 

25 et al., Proc . Natl. Acad. Sci'. USA 83, 8122-8126, 1986) , was infected 
(M0I= 2) to these cells at room temperature for one hour. The cells 
were washed with serum-free MEM. Plasmids, pSeV18+/MtsHNtsAF-GFP, 
pGEM/NP, pGEM/P, pGEM/L and pGEM/F-HN (Kato, A. et al . , Genes Cells 
1, 569-579, 1996) , were suspended in Opt i- MEM (Gibco-BRL, Rockville, 

30 MD) at amounts of 12 \ig, 4 \xg, 2 \Xg, 4 jig and 4 |Llg/dish, respectively. 
SuperFect transf ection reagent (Qiagen, Bothell, WA) corresponding 
to 1 jig DNA/ 5 |il was added and mixed. The resulting mixture was allowed 
to stand at room temperature for 15 minutes, and then added to 3 ml 
of Opti-MEM containing 3% FBS. This mixture was added to the cells. 

35 After being cultured for five hours, the cells were washed twice with 
serum-free MEM, and cultured in MEM containing 40 |ig/ml cytosine. 
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B-D-arabinofuranoside (AraC:'. Sigma, St.. Louis, MO) and 7.5 Jig/ml 

l 

. trypsin (Gibco-BRL, Rockville, MD) . After 24 hours of culture, cells 
persistently expressing the F protein (LLC-MK2/F7/A: Li, H.-O. et 
al., J. Virology 74, 6564-6569, 2000; WO 00/70070) were overlaid at 

.5 ' 8 . 5x 10 6 cells/dish. These cells were further cultured in MEM 
'containing 40 (ig/mL Ar^C and 7.5 |xg/mL trypsin at 37°C for two days 
(P0) .. The cells were harvested and the pellet'was suspended in 2 ml 
Opti-MEMper dish. Freeze-arid- thaw treatment was repeated three times , 
and the lysate was directly transfected into LIjC-MK2/F7/A. The cells 

10 were cultured in serum- free MEM containing 4 0 jig/mL AraC and 7 . 5 |ig/mL 
trypsin at 32 °C (PI) . After five to seven days, part of the culture 
supernatant was infected into freshly prepared LLC - MK2 / F7 / A , and the 
cells were cultured in same . serum- free MEM containing 40 \ig/vciL AraC 
and 7.5 |^g/mL trypsin at 32 °C (P2) . Aftei- three to five days, freshly 

15 prepared LLC-MK2/F7/A were infected again, and the cells wfere cultured 
, • in, serum-free MEM containirlg only 7.5 \ig/mL trypsin at 32°C for three 
to five days (P3) . BSA was added to. the recovered culture supernatant 
at a final concentration of 1%, and the mixture was stored. at -80°C. 
The viral solution stored was thawed * and used in subsequent 

2 0 experiments. 

The titers of viral solutions prepared by this method were as 
follows: ,SeV18+/AF-GFP, 3x 10 8 ; SeV18+/MtsHNtsAF-GFP, 7x 10 7 ; 
SeV18+SEAP/AF-GFP, 1 . 8x 10 8 ; SeV18+SEAP/MtsHNtsAF-GFP, 8 . 9x 10 7 
GFP-CIU/mL (GFP-CIU has been defined in WO 00/70070) . On the other 

25 hand, for vectors comprising GFP, CIU determined by direct detection 
of GFP is defined as GFP-CIU* GFP-CIU values are confirmed to be 
substantially identical to corresponding CIU values (WO 00/70070) . 
In determining SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP titers, the 
post- infection spread of plaques of cells persistently expressing 

30 F protein (LLC-MK2/F7/A) was observed at 32°C and 37°C. Fig. 3 shows 
photographs of patterns observed six days after infection. 
SeV18+/MtsHNtsAF-GFP plaques spread to some extent. at 32°C, but were 
greatly reduced at 37°C. This suggests that virion formation is 
reduced at 37°C. 
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[Example 3] Effect of culture temperature (32°C) on viral 
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reconstitution: ' . ' ' ' 

In . the experimental reconstitution of viruses in which 

temperature-sensitive mutations were introduced (Example 2) , PI and 

all subsequent cultures were carried out at.32°C. This temperature 

5 was used because the reference , virus, . used for assessing the 
" i • » 
introduction 'of temperature-sensitive mutations , grows well at 32°C 

(Kondo, T. et al . , J. Biol. Chem. 268) 21924-21^30, 1993*; Thompson,. 

S.D. et al.; Virology 160, 1-8, 1987). ciose examination of the* 

experimental conditions revealed that, for SeV reconstitution (and 

10 for other viruses in addition to those in which temperature-isensitiye 
mutations had been introduced) , ' reconstitution efficiency was 
improved by carrying out PI and subsequent cultures at 32 °C, giving 
a high possibility of recovering • viruses .that were* previously 
difficult to obtain. • 

15 There are thought to be two reasons for enhanced reconstitution 

efficiency at 32°C. The first point is that, when cultured at 32°C 
as opposed to 37°C, cytotoxicity due to AraC, which is supplemented 
to inhibit* vaccinia virus amplification, is thought to be suppressed. 
Under conditions for viral reconstitution, culturing LLC-MK2/F7/A 

20 cells at 37°C, in serum-free MEM containing 40 |ig/ml AraC and 7.5 
jig/ml trypsin, caused cell damage after three to four days, including 
an increase' in detached cells. However, cultures at 32°C could be 
sufficiently continued for seven to ten days with cells still intact. 
When reconstituting SeV with inefficient transcription and/or 

25 replication, or with inefficient formation of infectious virions, 
success is thought to be a direct reflection of culture duration. 
The second point is that F protein expression is maintained in. 
LLC-MK2/F7/A cells when the cells are cultured at 32 °C. After 
culturing LLC - MK2 / F7 / A cells that continuously express F protein to 

30 confluency on 6-well culture plates in MEM containing 10% FBS and 
at 37°C, the medium was replaced with a serum-free MEM containing 
7.5 ^tg/ml trypsin, and the cells were further cultured at 32°C or 
37°C. Cells were recovered over time using a cell scraper,, and Western 
blotting using an anti-F protein antibody (mouse monoclonal) was used 

35 to semi-quantitatively analyze intra-cellular F protein. F protein 
expression was maintained for two days at 37°C, and then decreased. 
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However, at 32°C expression was maintained for at least eight days 
, (Fig. 4) . These results confirm the validity of* viral reconstitution 
at 32°G (after PI stage) . •' 

The above-described Western blotting was carried out usihc} the 
,5 * following method: Cells recovered from one well of a 6-well plate 
were stored at -80 °C, then thawed in 100 jil of lx diluted sample buffer 
for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, 'Beverly, 
MA) . Samples were then heated at 98°C for ten minutes, centrifuged, 
and a 10-nl aliquot of the supernatant was loaded on to SDS-PAGE gel 

10 (multigel 10/20; Daiichi Pure Chemical b' Co . , Ltd., Tokyo, Japan) . 
After electrophoresis at 15 mA for 2 . 5 hojars, proteins were transferred 
• onto a PVDF membrane (Immobilon PVDF transfer membrane; Millipore, 
Bedford, MA) using semi -dry method at 100 mA for one hour . The transfer 
membrane was immersed in a blocking solution (Block Ace; Snow Brand 

15 Milk Products Co. , Ltd. , Sapporo, Japan)' at 4°C for one hour or more, 
, ' soaked . in a primary antibody solution containing 10% Block Ace 
supplemented with 1/1000 volume of the .anti-F protein antibody, and 
then allowed to stand at 4°C overnight. After washing three times 
with TBS containing 0.05% Tween 20 (TBST) and a further three times 

20 with TBS, the membrane was immersed in a secondary antibody solution 
containing 10% Block Ace supplemented with 1/5000 volume of the 
anti-mouse IgG + IgM antibody bound with HRP (Goat F (ab' ) 2 Anti-Mouse 
IgG + IgM, HRP; BioSource Int . , Camarillo, CA) . Samples were then 
stirred at room temperature for one hour. The membrane was washed 

25 three times with TBST, and three times with TBS. The proteins on the 
membrane were then detected using the chemiluminescence method (ECL 
western blotting detection reagents; Amersham Pharmacia biotech, 
Uppsala, Sweden) . 

30 [Example 4] Quantification of secondarily released particles from 

viruses having temperature sensitive mutations introduced therein 

(HA assay, Western Blotting) : 

Levels of secondarily released particles were compared, 

together with SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP, using the 
35 autonomously replicating type SeV that comprises all of the viral 

proteins and the GFP fragment (780bp) , which comprises the termination 
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signal -ihteryening' sequence -initiation signal downstream of the GFP 
gene at the t Wot I site (SeV18+GFP: Fig. 2) . 

LLC-MK2 cells were grown to confluency on 6-well plates. To 
these cell? were added 3x 10 ClU/ml of ea,ch virus solution at 100 
5 jxl per well (lvfOI= 3) , and the cells- were infected for one hpur . After 
washing the cells with MEM, serum-free MEM*- (1 ml) was added to each 
well, and the cells were cultured at 32°C, 37°C ancl 38°C, respectively. 
Sampling waS carried out every day, and immediately after sampling,* 
1 ml of fresh, serum-free MEM was added ;to. the remaining cells. 

10 Culturing and sampling were performed oyer time. Three days aft.er 

..'*■ • ■ • 

infection, observation of GFP expression under a fluorescence 

microscope indicated that infection levels were almost equal for the 

three types of virus for all temperature conditions (32°C, 37°C and 

38°C) , and that' GFP expression was similar (Fig. 5). 1 ' 

15 Secondarily released particles were quantified using an assay 

for hemagglutination activity (HA activity) according to the method 
of Kato et al. (Kato, A., et al., Genes Cell 1, 569-579, 1996). 
Specifically, round -bottomed 96 well -plates were used for serial 
dilution of the viral solution with PBS. Serial two-fold 50 (il 

20 dilutions were carried out in each well. 50 |il of preserved chicken 

blood (Cosmo Bio, Tokyo, Japan), diluted to 1% with PBS, was added 

■»..•.■ . . . 

to 50 (0.1 of the viral solution, ,and the mixture was allowed to stand 

at 4°C for one hour. Erythrocyte agglutination was then examined. 

The highest virus dilution rate among the agglutinated samples was 
25 judged to be the HA activity. In addition, one hemagglutination unit 

(HAU) was calculated to be lx 10 6 viruses, and expressed as a number 

of viruses (Fig. 6) . The secondarily released particles of 

SeV18+/MtsHNtsAF-GFP remarkably decreased, and at 37°C, was judged 

to be about 1/10 of the level of SeV18 + /AF-GFP . SeV18 + /MtsHNtsAF-GFP 
3 0 viral particle formation was also reduced at 32 °C, and although only 

a few particles were produced, a certain degree of production was 

still thought possible. 

Western blotting was used to quantify the secondarily released 

particles . In a manner similar to that described above, LLC-MK2 cells 
3 5 were infected at MOI= 3 with the virus, and the culture supernatant 

and cells were recovered two days after infection. The culture 
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supernatant was centrifuged at 48,000 xg for 45 minutes to recover 
. the viral proteins. After SDS-PAGE, Western blotting was performed 
to detect these proteins using an anti-M protein antibody. This anti-M 
protein antibody is a newly prepared polyclonal antibody, prepared 

. .5 ' from the serum of rabbits immunized with a mixture of three synthetic » 
peptides: corresponding to amino acids 1-13 (MADIYRFPKFSYE+Cys/SEQ 
ID NO: .21), 23-35 (LRTGPDKKAIPH+Cys/SEQ ID NO: 22), and *336-348 . 
(Cys+NWAKNIGRIRKL/SEQ ID NO: 23) of, the SeV M protein. Western 
blotting was performed according to the method described in Example 

,10 3, in which the primary antibody, anti-M protein antibody, was used 
at a 1/4000 dilution, and the secondary antibody, anti-rabbit IgG 
antibody bound with HRP (Anti-rabbit IgG (Goat) H+L conj . ; ICN P., 
Aurola, OH), was used at a 1/5000 dilution. In the case of 
SeV18+/MtsHNtsAF-GFP infected cells , M prpteins were widely expressed 
15 to a similar degree, but expression of viral proteins 'was reduced 
(F,ig. 7) . Western blotting also confirmed a decrease in secondarily 
released viral particles, r 

[Example 5] The expression level of genes comprised by the virus induced 
20 by temperature- sensitive mutations (SEAP assay) : 

SeV18+/MtsHNtsAF-GFP secondary particle release was reduced. 

* ■ ■ ■ 

However, such a modification would be meaningless in a gene expression 

vector if accompanied with a simultaneous decrease in comprised gene 

expression. Thus, the gene expression level was evaluated. LLC-MK2 

25 cells were infected with ■ SeV18+SEAP/AF-GFP or 

SeV18+SEAP/MtsHNtsAF-GFP at M0I = 3, and culture supernatant was 
collected over time (12, 18, 24, 50 and 12 0 hours after infection) . 
SEAP activity in the supernatant was assayed using a Reporter Assay 
Kit -SEAP (TOYOBO, Osaka, Japan) according to the kit method. SEAP 

30 activity was comparable for both types (Fig. 8) . The same samples 
were also assayed for hemagglutination activity (HA activity) . The 
HA activity of SeV18+SEAP/MtsHNtsAF-GFP was reduced to about one tenth 
(Fig. 9) . Viral proteins were harvested from viruses in the samples 
by centrifugation at 48,000 xg for 45 minutes, and then 

35 semi -quantitatively analyzed by Western blotting using an anti-M 
antibody. The level of viral protein in the supernatant was also 
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reduced (Fig, 10) . These findings indicate that the introduction 'of 

temperature-sensitive mutations reduces the ( level of secondary 

particle release to about 1/10, with virtually no reduction in the 

expression ( of comprised genes. 

5 . ■ ' , ... 

[Example 6] 'Cytotoxicity of viruses having temperature-sensitive 

mutations introduced therein (LDH assay) : * 

V SeV infection is often cytotoxic. The influence of' introduced" 

mutations was thus examined from this respect. LLC-MK2 , BEAS-2B and 

10 CV-1 cells were- each plated on a 96-well plate at 2 . 5x 10 4 cells/well 

.■ • • 

(100 ^L/well) , and then cultured.. LDC-MK2 and CV-1 were cultured in 

MEM containing 10% FBS , and BEAS-2B was- cultureql in a 1 : 1 mixed medium 
of D-MEM and RPMI (Gibco-BRL, Rockville, MD) containing 10% FBS . After 
24 hours of culture,' virus infection wa? carried out by adding'5 jiL/well 

15 of a solution of SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP diluted with 
MEM containing 1% BSA. After six hours, the medium containing the 
viral solution was removed, and replaced with the corresponding fresh 
medium, with or without 10% FBS. The culture supernatant was sampled 
three days after infection when FBS -free medium was used, or six days 

20 after infection when medium containing FBS was used. Cytotoxicity 
was analyzed using a Cytotoxicity Detection Kit (Roche, Basel, 
Switzerland) according to the kit instructions . Neither of the viral 
vectors was cytotoxic in LLC-MK2 . Further, SeV18+/MtsHNtsAF-GFP 
cytotoxicity was assessed as being comparable to or lower than that 

25 of SeV18+/AF-GFP in CV-1 and BEAS-2B (Fig. 11). Thus, it was concluded 
that cytotoxicity was not induced by suppressing secondary particle 
release through the introduction of temperature- sensitive mutations . 

[Example 7] Study of the mechanism of secondary particle release 

30 suppression: 

In order to elucidate the part of the mechanism underlying the 
suppression of secondary particle release associated with the 
introduction of temperature- sensitive mutations, subcellular 
localization of the M protein was examined. LLC-MK2 cells were 

35 infected with each type of SeV (SeV18+GFP, SeV18+/AF-GFP, 
SeV18+/MtsHNtsAF-GFP) , and cultured at 32°C, 37°C or 38°C for two 



days. The cells were immunostained by using an anti-M antibody. 
•, Immunostaining was performed as follows: .The* cultured cells were 
washed once with PBS, methanol cooled to -20°C was added, 'and the 
cells were fixed at4°C for 15 minutes. After washing the cells' three 
', ,5 1 times with PBS, blocking was carried out at room temperature for one 
hour using PBS solution containing 2% goait serum and 0.1% Triton. 
After washing with PBS a further three times, the cells were 'reacted 
with a p'rimary antibody solution (10 (ig/mL'anti-M antibody) containing 
2% goat serum at 37°C for 3 0 minutes. After washing three times with 

10 PBS, the cells were reacted with a seco'ridary antibody solution (10 
jlg/mL Alexa Fluor 488 goat anti-rabbit IgG (H+L) conjugate: Molecular 
Probes, Eugene, OR) containing 2% goat serum at 37°C for 15 minutes. 
Finally, after a further three washes with PBS, the cells were observed 
under a fluorescence microscope. In the 'case of the self -replicating 

15 SeV18+GFP comprising both F and HN proteins, condensed M 'protein -was 
, ■ detectable on cell surfaces at all of the temperatures tested (Fig. 
12) . Such M protein condensation has been previously reported 
(Yoshida, T. et al . , Virology 71, 143-161, 1976), and is. presumed 
to reflect the site of virion formation. Specifically, in the case 

20 of SeV18+GFP, cell-surface M protein localization appeared to be 
normal at all temperatures, suggesting that a sufficient amount of 
virions were formed. On the other hand, in the case of SeV18+/AF-GFP, 
M protein condensation was drastically reduced at 38 °C. M protein 
is believed to localize on cell surfaces, binding to both F and 'HN 

25 protein cytoplasmic tails (Sanderson, CM. et al.., J. Virology 68, 
69-76, 1994; Ali, A. et al . , Virology 2 76 , 289-303, 2000) . . Since one 

of these two proteins, namely the F protein, is deleted in SeV18+/AF-GFP, 
F protein deficiency is presumed to have an impact on M protein 
localization. This impact was expected to be stronger for 
30 SeV18+/MtsHNtsAF-GFP, and it was also expected that, even at 37°C, 
M protein localization would be disturbed and the number of particles 
in the secondary release would be reduced. 

[Example 8] Study of the suppression mechanism of secondary particle 
35 release (2) : 

In order to study the SeV protein's subcellular localization 
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in more detail, analyses were carried out using a confocal las'er 
microscope (MRC1024; Bio-Rad Laboratories Inc . , Hercules, CA) . A-10 
cells (rat myoblasts) were infected with' each of SeV18+SEAP/AF-GFP 
and SeV18+?EAP/MtsHNtsAF-GFP (MOI=. 1) , and then cultured in MEM 
5 containing 10%;serum at 32°C'or 37°C. One or two days later, the cells 
were immunostained using anti-M antibody and anti-HN antibody. 
Immunostaining was performed as follows: The infected culture cells 
were washed 'once with PBS . Methanol cooled to -20 °C was added to the* 
cells, and the cells were fixed at 4°C for 15 minutes. The cells were 

10 washed three times with PBS, and blocking was then carried out fpr 
one hour at room temperature, using a >PBS solution containing 2% goat 
serum, 1% BSA and 0 . 1%. Triton . The cells were reacted with an M primary 
antibody solution (10 |ig/mL anti-M antibody) containing 2% goat serum 
at 37°C for 30. minutes . The cells were then, reacted with an HN primary 

15 antibody solution (1 ^g/mL anti-HN antibody (IL4-1)) at 37°C for 30 
minutes. After washing three times with PBS, the cells were reacted 
with a secondary antibody solution (10 ^ig/mL Alexa Fluor 568 goal: 
anti-rabbit . IgG(H+L) conjugate and 10 |Lig/mL Alexa Fluor 488 goat 
ant i -mouse IgG (H+L) conjugate.: Molecular Probes, Eugene, OR) 

20 containing 2% goat serum at 37°C for 15 minutes . The cells were washed 
three times. with PBS and the nuclei were stained with TO_PR03 (Molecular 
Probes, Eugene, OR) diluted 4000 times. The cells were allowed to 
stand at room temperature for 15 minutes. Finally, to prevent 
quenching, a Slow Fade Ant i fade Kit solution (Molecular Probes , Eugene, 

25 OR) was substituted for the liquid, and the cells were observed under 
a confocal laser microscope. Fig. 13 shows the results one day after 
infection. Red represents M protein localization; green, HN protein 
localization; and yellow, co-localization of ' the two. Far red has 
been subjected to color conversion, and thus blue represents the 

30 nucleus. In the case of SeV18+SEAP/AF-GFP, each protein's 
localization pattern did not differ largely between 32°C and 37°C, 
and cell-surface localization of the M and HN proteins was observed. 
On the other hand, localization of each protein for 
. SeV18+SEAP/MtsHNtsAF-GFP was different at both temperatures from that 

35 for SeV18+SEAP/AF-GFP. Specifically, hardly any M protein was 
localized on the cell surface. In particular, at 37°C, the M and HN 
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proteins were almost completely separated, such that the M protein 
, was localized at sites presumed to be close to the cdntrosome of 
microtubules (-i.e., near the Golgi body)*. A similar result was 
obtained for cells cultured two days after infection. Particularly 

■ 5 ' in SeV18+SEAP/MtsHNtsAF-GFP- infected cells, subcellular M protein 
•localization did not change between one day and two days after infection 
(Fig. 14), and protein transport appeared to have stopped. This result 
also showed that the reduced secondary particle release by viruses 
having temperature-sensitive mutations introduced therein was. caused 

.10 by a deficiency in localization of the protein, which is expected 
to play a central role in particle formation. 

When the cells were cultured at 22 °C after infection with 

i . 

SeV18+SEAP/MtsHNtsAF-GFP, the M protein stained in a morphology 
similar to that of a microtubule (Fig. i?). • To show the involvement 

15 of microtubules, a reagent that enhances microtubule depoiymerization 
, " wap added, and changes in M protein (and ( the HN protein) localization 
were then studied. >A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at M0I= 1, and a depoiymerization reagent, 
colchicine (Nakarai Tesque , Kyoto, Japan) or colcemid (Nakarai Tesque, 

20 Kyoto, Japan), was immediately ' added at'a final concentration of 1 
mM. The cells were then cultured at 32 °C. Two days after infection, 
the subcellular localizations of the M and HN proteins were observed 
by the same method as described above. In the absence of the 
depoiymerization reagent, M protein distribution was similar 'in 

25 morphology to a microtubule (Fig. 13). .However,, addition of the 
depoiymerization reagent resulted in disruption of this structure, 
and the M protein was detected as a large fibrous structure (Fig. 
15) . This structure may be an aggregate of the M protein by itself , 
or M protein bound to the residues of depolymerized microtubules. 

30 In either case, as seen in Fig. 13, it was plausibly judged that the 
M protein was localized on microtubules in cells cultured at 32 °C 
after infection with SeV18+SEAP/MtsHNtsAF-GFP . 

In order to clarify whether or not the above-mentioned 
localization of the M protein in microtubules was characteristic of 

35 temperature-sensitive viruses, the post- infection influence of the 
microtubule depoiymerization reagent (colchicine) on changes to M 
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protein (knd HN protein) localization was evaluated for both viruses 
SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP . A- 10 .cells were infected 
with SeV18 + /AF^6FP or SeV18+/MtsHNtsAF-QFP at M0I= 1, and the 
depolymeri sat i<?n reagent colchicine was immediately added at a final 
5 concentration of. 1 |1M. The cells were cultured at 32°C or 37°C. Two 
days after irffection, the subcellular localization of the M protein 

i 

(and the HN protein) was observed using the same method as described 
above. The results are shown in Fig. 16. Infected cellfe exhibited* 
similar features. for both viruses. Specifically, when the cells were 

10 cultured at 32 °C after infection, the M protein was observed as, a 
large fibrous structure, similar to' that in Fig. 15. The M protein's 
coexistence, with microtubules was a^so suggested for SeV18 + /AF-G?P . 
In particular, in cells infected with SeV18+/MtsHNtsAF-GFP and 
cultured at 37°C, the M. protein was observed to be localized in areas 

15 supposed to be near the Gplgi body. 

Based on t^e above results, the following can be inferred: the 
M protein is synthesized near the Golgi body; it is transported aroun<3 
the cell along microtubules (for example, bound to a motor protein 
such as kinesin) , mainly bound to the cytoplasmic tails of the F and 

20 HN proteins (Sanderson, CM. et al., J. Virology 68, 69-76, 1994; 
Ali, A. et al.,. Virology 276, 289-.303, 2000); and the M protein is 
localized on the cell surf ace , , followed by particle formation. In 
viruses comprising a temperature-senditive mutation", everything up 
to the point of intracellular transport along microtubules may be 

25 normal at 32°C. However, translocation from microtubules to the cell 
surface maybe hindered, resulting in localization along microtubules . 
At 37°C, it can be presumed that even intracellular transport along 
microtubules may be hindered, and thus, localization in the vicinity 
of the Golgi body is observed. M protein synthesis is supposed to 

30 take place near the Golgi body. However, it is possible that M protein 
aggregation is observed at these sites, and that the area of synthesis 
itself is elsewhere. However, it has been reported that tubulin, a 
microtubule component, activates and is involved in SeV transcription 
and replication (Moyer, S.A. et al . , Proc. Natl. Acad. Sci. U.S.A. 

35 83, 54 05-54 09, 1986; Ogino, T. et al . , J. Biol. Chem. 274, 35999-36008, 
1999) . Moreover, as the Golgi body is located near the centrosome, 
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where tubulin is predicted to exist in abundance, the Golgi body can 
, be synthesized close to the microtubule central body (i.'e. , near the 
Golgi body). In addition, although the SeV mutant strain, Fl-R, 
comprises a mutation in its M gene, it modifies microtubules' after 
\ ,5 • infecting cells, and this modification may enable particle formation 
Independent of Fl-R strain cell polarity (Tashiro, M. et al .., J. Virol. 
67, 5902-5910, 1993). In other words, the results obtained in the 
''), , present Example may also be interpreted by assuming the intracellular 

transport of the M protein along tubulin. In this supposed mechanism, 
10 introduction of temperature -sensitive mtitations to the M and HN genes 
may result in deficient subcellular M protein localization, resulting 

in a reduction in secondary particle release. 

• f . . 

t • ■ 

i , ■ , ■ 

[Example 9] Construction of the genomic cDNA of an M gene-deficient 

15 SeV comprising the EGFP gene: 1 

Construction of cDNA 1 used the full-length genomic cDNA of an 
M-deficient SeV, which is M gene-deficient (pSeV18+/AM: WO 00/09700) . 
The construction scheme is shown in Fig. 17 . The BstEII fragment (2098 
bp) comprising the M-deficient site of pSeV18+/AM was subcloned to 

20 the BstEII site ofpSE280 (pSE-BstEIIf rg construction). The EcoRV 
recognition site at this.pSE280 site had been deleted by previous 
digestion with Sall/Xhol followed by ligation (Invitrogen, Groningen, 
Netherlands) . pEGFP comprising the GFP gene (T0Y0B0, Osaka, Japan) 
was digested using Acc65I and EcoRI, and the 5' -end of the digest 

25 was blunted by filling in using a DNA blunting Kit (Takara, Kyoto, 
Japan). The blunted fragment was then subcloned into the 
pSE-BstEIIf rg, which had been digested with EcoRV and treated with 
BAP (TOYOBO, Osaka, Japan) . This BstEII fragment, comprising the EGFP 
gene, was returned to the original pSeV18+/AM to construct the M 

30 gene-deficient SeV genomic cDNA (pSeV18 + /AM-GFP) , comprising the EGFP 
gene at the M-deficient site. 

[Example 10] Construction of the genomic cDNA of an M gene- and 
replication ability-deficient SeV: 
35 The genomic cDNA of anM - and F gene-deficient SeV was constructed. 

The construction scheme described below is shown in Fig. 18. The M 
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gene was 'deleted using pBlueNaelf rg-AFGFP, which was constructed 'by 
subcloning a Nael fragment, (4 922 bp) of the F-def icient Sendai virus 
full-length genomic cDNA comprising the EGFP gene at the F 
gene -deficient site * (pSeV18+/AF-GFP: Li, H.-O. et al., J. Virology 
5 74, 6564-6569',. 2000; WO 0*0/700.70), to the . BcoRV site of pBluescript 
II (Stratagerie, La Jolla, CA) . Deletion was designed so as to excise 
the M gene using the ApaLI site directly behind it . That is, the ApaLI 
recognition' site was Inserted right behind the P gene, So that thei 
fragment to 'be excised became 6n. Mutagenesis was performed using 
10 the QuikChange TP * Site-Directed Mutagenesis Kit (Stratagene > La Jolla, 
CA) according to the kit method.' The synthetic oligonucleotide 
sequences used for the mutagenesis ^ were as fqllows: 
5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3'/ SE'Q tD NO: 
24 and , 

15 5/ -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3 ' /SEQ ID NO: 
25. ' 

After mutagenesis, the resulting mutant cDNA was partially 
digested \!ising ApaLI (at 37 °C for five minutes) , recovered using a 
QIAquick PGR Purification Kit (QIAGEN, Bothell, WA) , and then ligated 

20 as it was. The DNA was again recovered using the QIAquick PCR 
Purification Kit, digested with BsmI and StuI, and used to transform 
. DH5a to prepare the M gene-deficient (and F gene-deficient) DNA 
(pBlueNaelf rg-AMAFGFP) . 1 

pBlueNaelf rg-AMAFGFP deficient in the M gene (and the F gene) 

25 was digested with Sail and ApaLI to recover the 1480 bp fragment 
comprising the M gene-deficient site. pSeV18+/AF-GFP was digested 
with Apahl/Nhel to recover the HN gene -comprising fragment (6287 bp) , 
and these two fragments were subcloned into the Sall/Nhel site of 
Litmus 38 (New England Biolabs, Beverly, MA) 

30 (LitmusSall/Nhelfrg-AMAFGFP construction) . The 7767 bp fragment 
recovered by digesting LitmusSall/Nhelf rg-AMAFGFP with Sall/Nhel was 
ligated to another fragment (8294 bp) obtained by digesting 
pSeV18+/AF-GFP with Sall/Nhel , that did not comprise genes such as 
the M and HN genes. In this way an M- and F-def icient Sendai virus 

35 full-length genome cDNA comprising the EGFP gene at the deficient 
site (pSeV18+/AMAF-GFP) was constructed. Structures of the. 
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M-deficient (and the M- and F-d'ef icient ) viruses thus constructed 
are shovm in Fig. 19. This genomic cDNA is. useful for constructing 
M- and F-deficient SeV comprising the desired, modified F protein. 

[Example 11] Preparation of helper cells expressing SeV-M proteins 
To prepare helper cells expressing M proteins, the Cre/loxP 
expression induction system was used. Fqr constructing this 'system, 
plasmid, pCALNdLw, which is designed to induce the expression of gerie 
products using the Cre DNA recombinase, was used (Arai, T. et al . , 
J. Virol. 72, 1115-1121, 1988) . This system was also employed for 
the preparation of helper cells (LLC-MK2/F7 cells) for the F protein 

(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070). 

<1> Construction of M gene -expressing plasmids: 
To prepare helper cells which induce the expression of the F 
and M proteins, the above ^described LLC-MK2/F7 cells were .used to 
transfer the M gene to these »cells using the above-mentioned system. 
Since the pCALNdLw/F used in the transfer of the F gene contained 
the neomycin resistance gene, it was essential to insert a different 
drug resistance gene to enable' use of the same cells. Therefore, 
according to the scheme described in Fig. 20, the neomycin resistance 
gene of the M gene -comprising plasmid (pCALNdLw/M: the M gene was 
inserted at the Swal site of pCALNdLw) was replaced with the hygromycin 
resistance gene. That is, after pCALNdLw /M was digested with Hindi I 
and EcoT22I, an M gene -comprising fragment (4737 bp) was isolated 
by electrophoresis on agarose and the corresponding band was excised 
and recovered using the QIAEXII Gel Extraction System. At the same 
time, pCALNdLw /M was digested with Xhol to recover a fragment that 
did not comprise the neomycin resistance gene (5941 bp) and then further 
digested with Hindi to recover a 1779 bp fragment. The hygromycin 
resistance gene was prepared by performing PCR using pcDNA3 . lhygro ( + ) 
(Invitrogen, Groningen, Netherlands) as the template and the following 
pair of primers: 
hygro-5' 

(5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3 9 / 
SEQ ID NO: 26) and 
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hygro-3 

(5' -aatgcatgatcagtaaattacaatgaacatcgaaccccagacjtcccgcctattcctttgc 
cctcggacgagtgct;ggggcgtc-3 ' ) /SEQ ID NO: 27).. 

The PCR product was recovered using the.QIAquick PCR Purification 
5 Kit, and then' digested using Xhol.and EcoT22.I. pCALNdLw-hygroM was 

constructed by ligating these t;hree fragments. 

■ • • • 

<2> Cloning of helper cells which induce the expression of SeV-Mi 
and SeV-F proteins :' ; 

10 Transf ection was performed using the Superf ect~ Trans feet ion 

Reagent by the method described V in the Reagent's protocol. 
Specifically, the following steps were performed: LLC-MK2/F7 cells 
were plated on 60 mm diameter Petri dishes at, 5x 10 5 cells/dish, and 
then cultured in . D-MEM containing 10% FBS for 24 hours. 

15 pCALNdLw-hygroM (5 jig) was diluted in D-MEM containing neither FBS 
nor antibiotics ( (150 [il in' total) . This mixture was stirred, 30 jllX 
of the Superf ect Transf ection Reagent was added, and the mixture was 
stirred a^ain. After standing at room temperature for ten minutes, 
D-MEM containing 10% FBS (1 ml) was added. The transfection mixture 

20 thus prepared was stirred, and added to LLC-MK2/F7 cells which had 
been washed once with PBS . After thiree hours of culture in an incubator 
at 37°C and in 5% C0 2 atmosphere, the transaction mixture was removed, 
and the cells were washed three times with PBS. D-MEM containing 10% 
FBS (5 ml) was added to the cells, which were then cultured for 24 

25 hours. After culture, the cells were detached using trypsin, plated 
onto a 96-well plate at a dilution of about 5 cells/well, and cultured 
in D-MEM containing 10% FBS supplemented with 150 ^lg/ml hygromycin 
(Gibco-BRL, Rockville, MD) for about two weeks. Clones propagated 
from a single cell were cultured to expand to a 6 -well plate culture. 

3 0 A total of 13 0 clones were thus prepared, and were analyzed as detailed 
below. 

<3> Analysis of helper cell clones which induce the expression 
of SeV-M (and SeV-F) protein (s) : 
35 Western blotting was used to semi-quantitat ively analyze M 

protein expression in the 13 0 clones obtained as detailed above . Each 
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clone was plated onto a 6-well plate, and, when in a state of near 
. confluence, infected at MOI = 5 with a . recombinant' adenovirus 
expressing Cre DNA recombinase (AxCANCre) diluted in MEM containing 
. . 5% FBS, according to the method of Saito et al . (Saito, I. efc *al . , 
5 ' Nucleic Acids Res. .23, 3816-3821, 1995; .Arai, T. et al., J. Virol. 
•72, 1115-1121, 1998) . Af ter culturing at 32<*C f or two days , the culture 
supernatant was removed. The cells were washed once with PBS, and 
•t. , recovered by detachment using a cell scraper. SDS-PAGE was performed 

by applying 1/10 of the cells thus recovered per lane, and then Western 
.10 blotting was carried out using anti-M protein antibody, according 
to the method described in Examples 3 and 4 . Of the 13 0 clones, those 
showing relatively high M protein expression levels were also analyzed 
by Western blotting using the ant i-F protein antibody (f236: Segawa, 
H., et al., J. Biochem. 123, 1064-1072, 1998) . Both results are 
15 described in Fig. 21. ' ■ 

[Example 12] Evaluation of helper cells inducing the expression of 
SeV-M proteins: 

Using the helper cells inducing the expression of SeV-M proteins 

20 cloned in Example 11, virus ' reconstitution of M-deficient SeV 
(SeV18+/AM-GFP) was carried out to evaluate virus -producing ability 
of these cell clones. P0 lysate of SeV18+/AM-GFP was added to each 
clone, and whether or not GFP protein spread was observed (whether 
or not the. trans-supply of M protein was achieved) was examined. 'P0 

25 lysate was prepared as follows. LLC-MK2 cells were plated on 100 -mm 
diameter Petri dishes at 5x 10 6 cells/dish, cultured for .24 hours, 
and then infected at M0I= 2 with PLWUV-VacT7 at room temperature for 
one hour. Plasmids pSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, 
pGEM/F-HN and pGEM/M were suspended in Opt i- MEM at weight ratios of 

3 0 12 (ig, 4 |ig, 2 |ig, 4 |Lig, 4 |ig and 4 |ng/dish, respectively. To these 
suspensions, the equivalent of 1 jug DNA/ 5 |al of SuperFect transfection 
reagent was added and mixed. The mixture was allowed to stand at room 
temperature for 15 minutes, and finally added to 3 ml of Opti-MEM 
containing 3% FBS. This mixture was added to the cells, which were 

35 then cultured. After culturing for five hours, the cells were washed 
twice with serum- free MEM, and cultured in MEM containing 40 |ig/ml 
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AraC and'7.5 jig/ml trypsin. After 24 hours of culture, LLC-MK2/F7/A 
cells were layered at 8.5x 10 6 ceils/dish, and ( further cultured in 
MEM containing 4*0 |ig/ml AraC and 7.5 ng/ml trypsin at 37°C for two 
days (P0) . ( T}ies$ cells were recovered, th^ pellet was suspended in 
5 .2 ml/dish Opt'i - MEM, and PO'lysate was prepared by repeating three 
cycles of freezing and- thawing. At the same time, ten different clones 
were plated on 24 -well plates. When nearly confluent, they were 
infected with AxCANCre at MOI= 5, and cultured at 32°C for two days.t 
These cells wer.e transfected with P0 lysate of SeV18 + /AM-GFP at 200 

10 jil/well, and cultured using serum-free MEM containing 40 |ig/ml AraC 
and 7.5 ^ig/ml trypsin at 32 °C. GFP protein Spread due to SeV18 + /AM-GFP. 
was observed in clones #18 and #62 (Fig. 3£) . This spread was 
especially rapid in clone #62, which was used in, subsequent* experiments . 
Hereafter, t^ese cells prior to induction with AxCANCre are'ref erred 

15 to as LLC-MK2/F7/M62 . After induction, cells which continuously 
express F and M proteins are referred to as LLC-MK2/F7/M62/A. 
Preparation of SeV18+/AM-GFP cells was continued using 
LLC-MK2/FVM62/A cells. Six days after P2 infection, 9 . 5x 10 7 GFP-CIU 
viruses were prepared. Five days after P4 infection, 3 . 7x 10 7 GFP-CIU 

20 viruses were prepared. 

As indicated in Example 3, it was presumed that culturing at 
32°C or such after the PI stage is significantly important for recbvery 
of the SeV18+/AM-GFP virus. In SeV184-/AM-GFP, in trans supply of M 
protein from expression cells (LLC-MK2/F7/M62/A) is thought to be 

25 a cause; however, spread of infection was extremely slow and was finally 
observed seven days after PI infection (Fig. 22). Thus, as in the 
viral reconstitution experiments, "culturing at 32 °C after the PI 
stage" is supported as being very effective in reconstituting SeV 
having inefficient transcription-replication or poor ability to form 

3 0 infectious virions. 

[Example 13] Investigation of virus producing conditions using helper 
cells inducing the expression of SeV-M proteins: 

The productivity of the above -described virus was also 
35 investigated. LLC-MK2/F7/M62/A cells were plated on 6-well plates 
and cultured at 37°C. When the cells were nearly confluent, they were 
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shifted to 32°C. One day later, these cells were infected at MOI= 
0.5 with SeV18+/AM-GFP. The culture supernatant was recovered over 
time, and replaced with fresh medium. Supernatant s thus refcovered 
were assayed for CIU and HAU. Most viruses were recovered f6u*r to 
six days after infection (Fig. 23) . HAU was maintained for six or 
more days after infection, however cytotoxicity was strongly exhibited 
at this point, indicating the cause was:not HA protein originating 
in viral particles, but rather the activity of HA. protein free or 
bound to cell debris. Therefore for virus collection, the culture 
supernatant is preferably recovered by thie fifth day after infection. 

[Example 14] Structural confirmation of-.the M gene-deficient SeV: 
SeV18+/AM-GFP' s viral genes were confirmed by RT-PCR, and the 
viral proteins by Western blotting. In 1 , RT-PCR, the P2 stage virus 
six days after infection was used. QIAam£ Viral RNA Mini Kit (QIAGEN, 
Bothell, WA) was used in the recovery of RNA from the viral solution. 
Thermoscript RT-PCR System i(Gibco-BRL, Rockville, MD) was used to 
prepare the cDNA. Both systems were performed using kit protocol 
methods. The random hexamer supplied with the kit was used as the 
primer for cDNA preparation. Tb confirm that the product was formed 
starting from RNA, RT-PCR was performed in the presence or absence 
of reverse transcriptase. PCR was performed with the above -prepared 
cDNA as the template, using two pairs of primers : one combination 
of F3593 (5' -ccaatctaccatcagcatcagc-3 ' /SEQ ID NO: 28) on the P gdne 
and R4 9 93 (5 ' -ttcccttcatcgactatgacc-3 ' /SEQ ID NO : 29) on the F gene, 
and another combination of F3208 ( 5 ' -agagaacaagactaaggctacc-3 9 /SEQ 
ID NO: 30) on the P gene and R4993 . As expected from the gene structure 
of SeV18+/AM-GFP, amplifications of 1073 bp and 1458 bp DNAs were 
observed from the former and latter combinations respectively (Fig. 
24) . When reverse transcriptase was omitted (RT-) , gene amplification 
did not occur. When the M gene was inserted instead of the GFP gene 
(pSeV18+GFP) , 1400 bp and 1785 bp DNAs were amplified respectively. 
These DNAs are clearly different in size from those described above, 
supporting the fact that this virus is M gene-deficient in structure. 

Protein confirmation was performed using Western blotting. 
LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP (shown as 
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AM in Figures) , ( SeV18+/AF-GFP (shown. as AF in.Figures) , and SeV18+GFP 
(shown as 18+ in Figures) , respectively, and the culture supernatant 
and. cells were recovered three days after infection. The culture 
supernatant y/as centrifuged at 48,0.00 xg ^or 45 minutes to recover 
5 viral proteirfs.. After SDS-PAGE, Western- blotting was performed to 
detect proteins using anti-Mprot^in antibody, anti-F protein antibody, 
and DN-1 antibody (rabbit polyclonal) which mainly detects NP protein, 
according to the method described in Examples 3 and 4'. In cells* 
infected with SeV18 + /A.M-GFP, the M protein was not detected while 

10 the F and/or NP proteins were observed. Therefore, thisivirus w,as 
also confirmed to have the SeV18+/AM-GFP structure from the point 
of view of proteins (Fig. 25) . The F protein was, not observed in cells 
infected with SeV18+/AF-GFP, while all viral .proteins examined were 
detected in cells infected with SeV18+GFP.; In addition, very little 

15 NP protein was observed in the culture supernatant in the case of 
infection with SeV18+/AM-GFP, indicating that there were no or very 
few secondarily released particles. 

[Example 15] Quantitative analysis concerning the presence or absence 

20 of secondarily released particles of M gene-deficient SeV: 

As described in Example 14, .LLK-MK2 cells were infected with 
SeV18 + /AM-GFP at MOI= 3, the culture supernatant was recovered three 
days after infection, filtered through ^n 0 .45 ^impore diameter filter , 
and then centrifuged at 48,000 xg for 45 minutes to recover viral 

25 proteins. Western blotting was then used to semi -quantitatively 
detect viral proteins in the culture supernatant. Samples similarly 
prepared from cells infected with SeV18+/AF-GFP were used as the 
control. Serial dilutions of respective samples were prepared and 
subjected to Western blotting to detect proteins using the DN-1 

30 antibody (primarily recognizing NP protein) . The viral protein level 
in. the culture supernatant of cells infected with SeV18+/AM-GFP was 
estimated to be about 1/100 that of cells infected with SeV18 + /AF-GFP 
(Fig. 26) . Sample HA activities were 64 HAU for SeV18 + /AF-GFP, 
compared to less than 2 HAU for SeV18+/AM-GFP . 

35 Time courses were examined for the same experiments. That is, 

LLC-MK2 cells were infected at M0I= 3 with SeV18+/AM-GFP, and the 



culture supernatant was recovered over time (every day) to measure 
HA activity (Fig. 27) . Four days or more after' infectioh, slight HA 
activity was detected. However, measurements of LDH activity, an 
indicator of cytotoxicity, revealed clear cytotoxicity four or tnore 
days after infection in the SeV18 + /AM-GFP-inf ected cells (Fig. 28) . 
This indicated the strong possibility thaU elevated HA activity was 
not due to VLPs, but to the activity of HA protein bound to 'or free 
from cell debris. Furthermore, the culture supernatant obtained five 
days after infection was examined using Dosper Liposomal Transf ection 
Reagent, a cat ionic liposome (Roche, Basel, Switzerland) . The culture 
supernatant (100 |il) was mixed with Dosper (12 .5 |ll) allowed to stand 
at room temperature for ten minutes, and then transf ected to LLC-MK2 
cells cultured to confluency on 6-well 'plates . Inspection under a 
fluorescence microscope two days after\transf ection revealed that 
many GFP-positive cells were observed in the supernataht of cells 
infected with SeV18+/AF-GFP which contained secondarily released 
particles, while very few or almost no GFP-positive cells were observed 
in the supernatant of cells infected with SeV18+/AM-GFP (Fig. 29). 
From the above results, the secondary release of particles was 
concluded to be almost completely suppressed by an M protein 
deficiency. ' 

2 . Construction of the SeV vector with decreased or defective particle 
forming ability due to modified protease-dependent tropism 1 

Utilizing the reconstitution system for the M-defective SeV 
constructed above, SeV in which the cleavage site of the F protein, 
is modified, as shown below, was constructed. 

[Example 16] Construction of an M-deficient SeV genomic cDNA with 
modified F protein activation site: 

An M-deficient SeV genomic cDNA inserted with a recognition 
sequence for a protease highly expressed in cancer cells at the F1/F2 
cleavage site (activation site) of the F protein was constructed. 
Various sequences based on sequences used as synthetic substrates 
of MMP-2 and MMP-9, and sequences based on substrates of uPA were 
designed. Fig. 30 shows four kinds of sequences: two sequences 
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designed' based ( on the, sequence of synthetic, substrates utilized 'as 
substrates of MMP- 2 and MMP-9 (Netzel-Arnett , S. $t al . , Anal. Biochem. 
195, 86-92, 1991) with additional modifications [PLG4MTS (SEQ ID NO: 
3) and PLG |LGL (SEQ ID NO: 31); hereinafter, F proteins comprising 
5 these sequences . is referred to as • F(MMP#2), and , F(MMP#3) , 
respectively;]; another sequence designed by inserting only the 
three-amino acid sequence, PLG, that is common to* synthetic substrates 
of MMP (hereinafter, the F protein having this sequence is referred* 
to as F(MMP#4)).; and the sequence designed based on a substrate of 

10 uPA, VGR (SEQ ID NO: 6) , (hereinafter, the F protein comprising this 
sequence is referred to as F(uPA) j . ( 

For actual sequence designing to achieve a, more selective action 
towards the MMPs of interest (MMP -2 and MMP-9) ; the sequences of 
commercially available synthetic substrates, as well as repbrts that 

15 made detailed examinations of substrate specificity (Turk, B.E. et 
al . , Nature Biotech. 19 (7) 661-667, 2001; Chen, E.I. et al . , j. Biol . 
Chem. 277(6), 4485-4491, 2002) can be referenced. Particularly for 
MMP-9, a consensus sequence from P3 to P2' , Pro-X-X-Hy- (Ser/Thr) (X= 
any residues; Hy= hydrophobic residues), is recommended (Kridel, S.J. 

20 et al., J. Biol. Chem. 276(23), 20572-20578 , 2001) . Therefore, 
F(MMP#2) was newly designed as the .present design, PLG 1 MTS , from the 
sequence bf the original synt^e/tic substrate, PLG 1 MWS , so that it 
matches the consensus sequence. ' 

The gene construction scheme is shown in Fig. 31. The 

25 full -length genomic cDNA (pSeV18 + /AM-GFP) of M-deficient Sendai virus , 
in which an EGFP gene is inserted. at M-deficient site, was digested 
with Sail and Nhel . The fragment (9634 bp) comprising the F gene was 
separated by agarose gel electrophoresis, and then the corresponding 
band was cut out and collected with QIAEXII Gel Extraction System 

30 (QIAGEN, Bothell, WA) . The obtained fragment was subcloned into the 
Sall/Nhel site of LITMUS38 (New England Biolabs, Beverly, MA) 
(construction of LitmusSall/Nhelf rgAM-GFP) . Mutagenesis to the F 
gene was performed on this LitmusSall/Nhelf rgAM-GFP, using 
QuickChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 

35 CA) according to the method described in the kit. The sequences of 
the synthetic oligos used for the mutagenesis were as follows: 
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5 ' - CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTGT 
. GATTGGTACTATC - 3 ' (SEQ ID NO: 32) • 
and 

5 ' -GATAGTACCAATC^CAGCACCGAAGAAaCTCGtCatGGcAagAggGGCATTTTGTGtCGTA 
■ .5 ' TCATTGGTGACAG-3 ' (SEQ ID NO: 33) for the conversion to F(MMP#2); 
■5 ' -CTGTCACCAATGATACGACACAAAATGCCccTc^ 
GATTGGTACTATCG-3 ' (SEQ ID NO: 34) : 
and 1 i 

5 ' -CGATAGTACCAATGACAGCACCGAAGAATaaCccCaGGCcAagAgg 
.10 ATCATTGGTGACAG-3 ' (SEQ ID NO: 35) for the conversion to F(MMP#3)';. 
5 ' - CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT- 3 ' ( SEQ ID NO : 36) 
and 

. ' 5 ' -AATGACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3 ' (SEQ ID NO: 37) 
for the conversion to F(MMP#4); 
15 and 5 ' -GACACAAAATGCCGGTGCTCCCgtGggGAGA^TTCTTCGGTGCTGTGATTG-S ' (SEQ 
ID, NO: .38) ' 

and 5 ' - CAATCACAGCACCGAAGAATCTCccCacGGGAGCACCGGCATTTTGTGTC- 3 ' ( SEQ 

ID NO: 39) for the conversion to F(uPA) . 

Lower case letters indicate mutated nucleotides . 

20 LitmusSall/Nhelf rgAM-GFP' comprising an objective mutation on 

the F gene was digested with Sall/Nhel to collect a fragment (9634 
bp) comprising the F gene . The full-length genomic cDNA of F-deficient 
Sendai virus comprising the EGFP gene at the F-deficient site 
(pSeV18+/AF-GFP: Li, H.-O. et al . , J. Virol. 74, 6564-6569, 200*0; 

25 WO 00/70070) was digested with Sail and Nhel to collect an NP 
gene -comprising fragment (8294 bp), and a multicloning site was 
introduced to the fragment using synthetic oligo DNA to obtain a plasmid 
(pSeV/ASallNhelfrg-MCS: PCT/JP00/06051) . The obtained plasmid was 
digested with Sail and Nhel to collect a fragment (8294 bp) . These 

30 collected fragments were ligated to each other to construct an 
M-def icient SeV cDNA (pSeV18+/F (MMP#2 ) AM-GFP, 

pSeV18+/F(MMP#3) AM-GFP, or pSeV18+/F (MMP#4 ) AM-GFP) comprising the 
F(MMP#2) , F(MMP#3) , orF(MMP#4) gene (an F gene designed to be activated 
by MMP) , and M-def icient SeV cDNA (pSeV18 + /F (uPA) AM-GFP) comprising 

35 the F(uPA) gene (an F gene designed to be activated by uPA) . 
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[Example *17] 'Reponstitution and amplification of an M-def icient SeV 
vector having a modified F activation site: , 

Reconstitution of the virus was performed according to the 
procedure reported by Li et al . (Li, H.-O. et al., J. Virol. 74, 
5 6564-6569., 2000;. WO 00/70070) .» Since the- virus was an M.-deficient 

form, the.abo^e-mentioned helper cells (as in Example 11) that provide 

i 

the M protein in trans were used. The Cre/loxP expression induction 
system was used for helper cell production. The system utilized the < 
pCALNdLw plasmid. designed to induce the expression of gene products 

10 with Cre DNA retombinase (Arai, T. et al.., J. Virol. 72, 1115-1121, 
1988) . Thus, a recombinant adenovirus (AxCANCre) expressing Cre DNA 
recombinase. was infected to the transform^nt Qf this plasmid using 
the method of Saito et al . (Saito, I. et al . , Nucleic Acids Res. 23, 
3816-3821, 1995; Arai, T. et al , , J. Virol. 72, 1115-1121^1998) to 

15 express the inserted genes (see Examples , 11 and 12). 

The reconstitution of the.M-def icient SeV in which the activation 
site of F was modified was performed as follows. LLC-MK2 cells were 
plated onto a 100-mm dish at a density of 5x 10* cells/dish and incubated 
for 24 hours. Recombinant vaccinia viruses (PLWUV-VacT7 : Fuerst,.T.R. 

20 et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986) expressing 
T7 polymerase . was treated with, psoralen under ultraviolet A 
irradiation (365 nm) for 20 minutes, and infected (at MOI= 2) to the 
cells at room temperature for one hout. .The cells were washed with 
serum-free . MEM. pSeV18+/F (MMP#2 ) AM-GFP (alternatively, 

25 pSeV18+/F(MMP#3) AM-GFP, pSeV18+/F (MMP#4 ) AM-GFP, or 

pSeV18+/F(uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al. , Genes 
Cells 1, 569-579, 1996) , and pGEM/F-HN (Li, H.-O. et ah, J. Virology 
74, 6564-6569, 2000; WO 00/70070) plasmids were suspended in Opt i- MEM 
(Gibco-BRL, Rockville, MD) at densities of 12 JLig , 4 |Hg, 2 \ig, 4 jig, 

30 and 4 jig per dish, respectively. SuperFect transfection reagent 
(Qiagen, Bothell, WA) corresponding to 5 |lL per 1 ^g DNA was added 
to respective solutions, mixed, and then allowed standing at room 
temperature for 15 minutes. Finally, the mixture was added to 3 mL 
. of Opti-MEM comprising FBS at a final concentration of 3%, and then 

35 added to the cells for culture. After five hours of culturing, the 
cells were washed twice in serum-free MEM, and were cultured in MEM 
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containing 40 |lg/mL Cytosine P-D-arabinof uranoside (AraC: Sigma, St. 
• Louis, MO) and 7.5 |ig/mL trypsin (Gibco-BRL, Rbckville,' MD) . After 
culturing for 24 hours, cells (LLC-MK2/F7/M62/A) that continuously 
expressed the M protein were layered at a density of 8 . 5x 10 6 cells/dish, 

5 ' and cultured in MEM containing 40 |ig/mL AraC and 7.5 ^ig/mL trypsin 
&t 37°C for another twq days (P0) . These tells were collected and 
the pellet was suspended in 2 mL/dish of: Opt i -MEM . After repeating . 
three cycles of freezing and thawing/ the lysate was directly 
transfected to LLC-MK2/F7/M62/A, and cultured at 32 °C in serum-free 

10 MEM containing 40 |ig/mL AraC, 7 .5 }ig/mL Trypsin, and 50 U/mL type IV 
collagenase (ICN, Aurola, OH) (PI) . Three to 14 days later, a portion 
'• of the culture supernatant was sampled and infected to freshly prepared 
• LLC - MK2 / F 7 / A , and cultured at 32 °C in serum-free MEM containing 40 
}ig/mL AraC, 7.5 |lg/mL trypsin, and 50 U/mL type IV collagenase (P2) . 

15 Three to 14 days later, this was reinfected to freshly prepared 
, i LLC-MK2/F7/M62/A and cultuired at 32°C for 3 to 7 days in serum-free 
MEM containing 7 . 5 ^ig/mL trypsin and 50 U/mL type IV collagenase (P3) . 
BSA was added to the collected culture supernatant to a final 
concentration of 1%, and culture was stored at -80°C. The viral stock 

20 solution was thawed for later production and in vitro experiments. 

Furthermore, helper cells (LLC-MK2/F7/M62 -#33) which enables 
production of the M-deficient SeV vector at higher titers was 
successfully obtained by introducing the SeV- M gene (and SeV-F gene) 
of the same system (pCALNdLw: Arai, T. et al . , J. Virol. 72, 1115-11^1, 

25 1988) into LLC-MK2/F7/M62 as the helper cell that provides the M protein 
in trans and continuing the cloning of cells. Using these cells, an 
M-deficient SeV vector (SeV18 + /AM-GFP) in which the F gene has not 
been mutated can be produced at titers of lx 10 8 GFP-CIU/mL (GFP-CIU 
is defined in WO 00/70070) or more. In addition, the use of these 

30 cells accomplished also the preparation of both SeV18 + /F (MMP#2 ) AM-GFP 
and SeV18+/F(uPA) AM-GFP at a titer of lx 10 8 GFP-CIU/mL or more. 

When reconstitution was similarly performed for 
SeV18 + /F (MMP#3) AM-GFP and SeV18+/F (MMP#4 ) AM-GFP, no viral particles 
could be collected. In order to collect these viral particles, 

35 conditions for reconstitution must be further examined. Considering 
the fact that they could not be collected under the same conditions, 
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there may be; problems with the design of the F1/F2 cleavage sites 
(activation sites of F protein) in F (MMP#3 ) and F t (MMP#4) , which cause, 
for example, poor cleavage efficiency or weak activity of the cleaved 
F protein. , Op. the other hand, since high titers of viral particles 
5 were collected with the design of. F(MMP#2) , this was considered to 
be a good design which shows good cleavage efficiency, and which does 
not affect the activity of ' the cleaved F protein. 

[Example 18] Preparation of in, vivo samples of an M-def icient SeV 

10 vector having a moidified F activation site* i 

Various M-def icient SeV vectors for in vivo examinations were 
prepared by simple purification, wherein ( the , viral particles were 
spun down by centrifugat ion. LLC-MK2/F7/M62.-#33 was grown in a 6 -well 
plate until pearly confluent , infected with AxCANCre (Moi^= 5) , and 

15 then cultured at 32°C for two days. These cells were infected with 
SeV18 + /F(MMP#2)£M-GFP or SeV18+/AM-GFP at MOI= 0.5. Then, the cells 
were cultured for three days at 32°C in serum-free MEM (1 mL/well) 
containing 7.5 |Lig/mL trypsin and 50 U/mL type IV collagenase for 
SeV18+/F(MMP#2) AM-GFP; and in serum- free MEM (1 mL/well) containing 

20 only 7.5 ^ig/mL trypsin for SeV18 + /AM-GFP . The supernatant s 'were 
collected from the six wells and combined together, then centrifuged 
at 2,190^xg for 15 minutes. The .collected supernatants were passed 
through a filter with pores having ah inside diameter of 0.45 pn, 
and then further centrifuged at 40, 000 xg for 3 0 minutes . The resulting 

25 pellet was suspended in 500 (XL of PBS to prepare purified virus 
solutions. The titer of the M-def icient SeV vectors prepared as 
described above was 1.3x 10 9 and 4 . 5x 10 9 GFP-CIU/mL for 
SeV18+/F(MMP#2) AM-GFP and SeV18+/AM-GFP, respectively. The F 
proteins in the viruses prepared in Examples 17 and 18 are cleaved, 

3 0 and the viruses have infect ivity. Such SeVs are called F-cleaved SeV 
or. infective SeV. Hereinafter, SeV18 + /AM-GFP, SeV18+/F (MMP#2) AM-GFP, 
and SeV18+/F(uPA) AM-GFP are also abbreviated as SeV/AM-GFP, 
SeV/F(MMP#2) AM-GFP, and SeV/F (uPA) AM-GFP, respectively. 

35 [Example 19] Method for evaluating protease-dependent infection and 
cell fusogenic infection of F-modified, M-def icient SeV vectors: 
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<1> Exogenous experiment: • 

An infection procedure in which an extracellular protease is 
added to a cell line is called an exogenous experiment . . The'b'asic 
'• 5 ' procedure of the exogenous experiment performed in the following i 
Examples is described .below. The use of 1 different conditions is 
described in respective Examples. LLC-MK2' was cultured until. 
1 confluence in a 96-well plate (5x 10 5 cells/well) . After washing twice 

with MEM, . 50 \lL MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL, 
.10 or F-uncleaved form: lx 10 7 particles/mL (in HA units; see. Example 
25)] was added and infected to the cells. Simultaneously, 50 (IL of 

protease-containing MEM. was also added thereto, and the cells were 

1 ■ f • 

cultured at 37°C. Four days later, the spread of the infection was 

observed under a fluorescent, microscqpe. The number of cells 
15 expressing GFP per cells in 1 mm 2 was counted. The proteases to be 
' , > used were purchased from ICN Biomedicals Inc. for collagenase (type 
IVcollagenase) , andMMP-2 (active MMP- 2 ) , MMP-3, MMP-7, MMP-9 (active 
MMP-9) , and plasmin were purchased from COSMO BIO Co. ltd. 

2 0 <2> Endogenous experiment: 

An infection procedure achieved by intracellularly expressed 
protease without extracellular addition of protease is called an 
endogenous experiment . The basic procedure of the endogenous 
experiment performed in the following Examples is described below. 

25 The use of different conditions is described in respective Examples. 
Respective cancer cells were cultured in a 96-well plate until 
confluence (5x 10 5 cells/well) . After washing twice with MEM, 50 |LlL 
MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL or F-uncleaved form: 
lx 10 7 HAU/mL (see Example 25)] was added and infected to the cells. 

30 Simultaneously, FBS was added to the medium at a final concentration 
of 1% . Four days later, the spread of the infection was observed under 
a fluorescent microscope . The number of cells expressing GFP per cells 
in 1 mm 2 was counted. 

35 [Example 20] Protease-dependent cell fusogenic infection by an 
F-modified M-deficient Sendai viral vector (Exogenous experiment) : 
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Using LLC-MK2! cells that hardly, expressproteases, modification 
of F was confirmed and assayed by the above-mentioned exogenous 
experiment to determine whether it causes, protease -dependent cell 
fusogenic infection (Fig. 32). Three types of M-deficient SeVs (as 
5 in Example 17)' , SeV/AM-GFP, SeV/F (MMP#2.) AM-GFP, and SeV/F (uPA) AM-GFP , : 
were infected to cells. Simultaneously, 0.1 |ig/mL each of type IV 
collagenase (Clostridium histolyticum) , active MMP-2, active MMP- 9, 
or uPA, or 7 .5 |ig/mL trypsin was added thereto. Four days 1'ater,. cells' 
were observed under a fluorescence microscope. Only in LLC-MK2 to 

10 which trypsin Was added, SeV/AM-GFP with unmodified F caused cell 
fusion of the infected cells with ttieir surrounding cells, resulting 
in cell fusogenic infection and^ multi.nucl/ear cell (syncytia) 
formation (Fig. 32L) . SeV/F (MMP#2 ) AM-GFP . .. inserted with an MMP 
degradation .sequence into the F protein gene showed cell fusogenic 

15 infection of ; LLC-MK2 to which collagenase,: active MMP-2, and active 
MMP-9 hade been ^dded, resulting in formation of syncytia (Fig. 32E, 
32F, and 32M) . On the other hand, SeV/F (uPA) AM-GFP inserted with 
urokinase-type plasminogen activator (uPA) and tissue-type PA (tPA) 
degradation sequences into the F protein showed cell fusogenic 

20 infection in the presence of trypsin, and, upon further modification 
of the F protein, showed the formation of syncytia, multinuclear cells , 
in the presence of uPA (Fig. 32Q and 32R) . These results indicate 
that, due to the incorporation of eadh of the protease degradation 
substrate sequences into the F protein, an M-deficient SeV causes 

25 degradation substrate sequence -dependent cell fusogenic infection 
and spread to contacting cells. 

[Example 21] MMP expression-specific cell fusogenic infection of 
cancer cell lines (Endogenous experiment): 

30 Using the SeV prepared in Example 17, an endogenous experiment 

was performed to determine whether or not endogenous protease 
selective cell fusogenic infection occurs. An MMP- expressing cancer 
cell line, HT1080 (human fibroblastic sarcoma) (Morodomi, T. et al . , 
Biochem. J. 285 (Pt 2), 603-611, 1992), a tPA-expressing cell line, 

35 MKN2 8 (human gastric cancer cell line) (Koshikawa, N. et al . , Cancer 
Res. 52, 5046-5053, 1992), and a cell line expressing neither protease , 
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SW620 (human colon cancer line) , were used. MKN28 was provided from 
Riken Institute of Physical and Chemical Research (Cell No. RCB1000) , 
while HT1080 (ATCC No. CCL-121) and SW620 (ATCC No. CCL-227) ,' as well 
as SW480 (ATCC No. CCL-228) , WiDr (ATCC No. CCL-218) , and Panc-1* (*ATCC 
No. CRL-1469) that were used in the following Examples were provided 
from American type cult.ure collection (ATCC) . The media used at the 
respective institutions that handed out: the cells were used in the. 
experiment. In addition, FBS was added to all of the media at a final 
concentration of 1%. As shown in Fig. 33, in MMP-expressing cell line, 
HT1080, only the infection with SeV/F (MMP#2) AM-GFP spread ten times 
or more. Furthermore, in t PA- expressing cell line, MKN28, cell 
fusogenic infection spread with only SeV/F (uPA) AM-GFP . In SW620, 
which expresses neither protease, no spreading of infection was 
observed at all. \ . 

[Example 22] Cell fusogenid infection d\ie to MMP induction by phorbol 
ester: » 

MMP is reported to be induced in vivo in cancer cells due to 
the growth factors and such existing around the cells . This phenomenon 
can be reproduced in vitro using a phorbol' ester , phorbol 12-myristate 
13 -acetate (PMA) . To investigate infection that occurs under 
reproduced conditions in which MMP expression is induced, Panel, a 
pancreatic cancer cell line known to activate MMP-2 and induce MMP- 9 
via PMA, was used to examine the presence or absence of cell fusogenic 
infection by F-modified M-deficient SeV vector (Zervos, E.E. et al . , 
J. Surg. Res. 84, 162-167, 1999) . Panel and other cancer cell lines 
were cultured in a 96-well plate until confluence (5x 10 5 cells/well) . 
The endogenous experiment was performed using SeV prepared in Example 
17. After washing twice with MEM, 50 |IL MEM containing lx 10 5 CIU/mL 
SeV was added for infection (at MOI= 0.01) . The same amount (50 |IL) 
of MEM containing 40 nM phorbol 12-myristate 13 -acetate (Sigma) was 
added thereto. Simultaneously, FBS was added to the medium at a final 
concentration of 1%. 

The induced expression of MMP-2 and MMP- 9 was confirmed by 
gelatin zymography in which the portion where gelatinolytic activity 
exists becomes clear (Johansson, S., and Smedsrod, B., J. Biol. Chem. 
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261, 436^-436,6,, 198(6) .. Specifically, the supernatant of each culture 
was collected and dissolved in a sample buffer., This was mixed with 
acrylamide to a 1 'final concentration of 1 ipg/mL gelatin to prepare 
an 8% acrylamide gel : After SDS polyacrylamide gel electrophoresis, 
5 the gel was washed with .10 mM Tris (pH 8^0) and 2.5% Triton X-100, 
incubated in. gel,atinase activation buffer (50 mM Tris, 0.5 mM CaCl 2 , 
10" 6 M ZnCl 2 ) at 37°C for one day, and stained with 1% Coomassie Blue 
R-250, 5% acetic acid; and 10% methanol (top panel of Fi^. 34) . "C" ' 
represents the control, and w T"the supernlata.nt of a sample induced 

10 by 20 nM PMA. this panel shows; that MMP-9 is induced in HT1080 and 
Pane I. Latent MMP- 2 .has been detected before induction in Pane I. 
However, this patent form is known Ipo have hardly any gelatinoly^ic 
activity. As shown in Fig. . 34 (lower panel) -, Pane I infected, with 
SeV/F (MMP#2 )Ap4-GFP indicated cell . jfuaogenic infection' by MMP 

15 induction.' \ ' ■; , 

i • ■ 

[Example 23] Spread of infection with SeV/F (MMP#2) AM-GFP in an HT108,0 
cell line in vivo: 

HT1080 carcinoma-bearing nude mice were produced. 5x 10 6 cells 

20 of a human f ibrobl^stoma cell line, HT1080, (50 |lL of lx 10 8 cells/mL) , 
were inj ected subcutaneous ly to the right dorsal skin of BALB/c nude 
mice (Charles River) . Seven to nine days later , animals having a tumor 
with a diameter of more than 3 mm were used . The volume of the carcinoma, 
its shape presumed to be elliptical, was 30 to 100 mm 3 . Fifty of 

25 the following F-cleaved SeV was injected once to the carcinoma: MEM 
. (control) (N= 5) ; MEM containing SeV-GFP (lx 10 8 CIU/mL) (N= 5) ; MEM 
containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM containing 
SeV/F(MMP#2)AM-GFP (lx 10 8 CIU/mL) (N= 7) . Two days later, the 
• carcinomas were observed under a fluorescence microscope (Fig. 35) . 

3 0 Fluorescence is observed only in the area around the injected site 
for SeV-GFP and SeV/AM-GFP (Fig. 35E and 35H) . In contrast, for 
SeV/F (MMP#2) AM-GFP, fluorescence was observed to spread throughout 
the entire carcinoma (Fig. 35K) . Enlarged images show fluorescence 
from individual cells for SeV-GFP and SeV/AM-GFP, whereas, for 

35 SeV/F(MMP#2) AM-GFP, the shape of the cells is unclear, suggesting 
fusion of the cells. Furthermore, the area of the entire carcinoma. 



.10 



106 



and the area of GFP expression in the above pictures were determined 

i 

by NIH image. The proportions of the GFP expression region in the 
entire cancer were 10% for SeV-GFP and 20% for SeV/AM-GFP, and, in 
contrast, 90% for SeV/F (MMP#2 ) AM-GFP, clearly indicating the sptead 
of infection (Fig. 36). In tissues other than cancer tissues, cell 
f usogenic infection was hardly observed in the fascia and subcutaneous 
connective tissues existing at the bordetf to the cancer cells. Thus, 
under t'hese conditions', infection was, determined not to spread to 
normal tissues other than cancer tissues,.' 



[Example 24] Anti- tumor effect' of an F-modif ied M-def icient SeV vector 
on carcinoma-bearing nude mice: 

HT1080 tumor-bearing mice were produced in the same manner as 
described in Fig. 35 . Eight or nine days Xater, animals having a tumor 

15 with a diameter of more than 3 mm were selected, and 50 ^L of the 
, ■ following four kinds of F-dleaved SeV w^re injected to the cancerous 
site: MEM (N= 5) ; MEM containing SeV-GFP (Ix 10 8 CIU/mL) (N= 5) ; MEM 
containing SeV/ AM-GFP (lx 10 8 CIU/mL) (N= 7) ; and MEM containing 
SeV/F (MMP#2 ) AM-GFP (lx 10 8 CIU/mL) (N= 7 ) . Two days later, equal 

2 0 amounts of SeV were injected again to the cancerous site. The lengths 

of the long axis (a) , short axis (b) , and thickness (c) of the cancerous 
site was measured every other day. Assuming the carcinoma is an 
ellipsoid, the carcinoma volume V was calculated as V= tc/6 x abc. The 
carcinoma: to which PBS, SeV-GFP, and SeV/ AM-GFP were administered, 
25 respectively, enlarged rapidly. ■ In contrast, 

SeV/F (MMP#2) AM-GFP-administered carcinoma, in which the vector had 
spread throughout the carcinoma as shown in Fig. 37, clearly indicated 
no proliferation and remained small. Analysis of significant 
difference by t-test showed that it is significantly smaller compared 

3 0 to the other three groups at P< 0.05. This indicates that the vector 

has anticancer effect even without therapeutic genes. 

[Example 25] Production and selective infection of an 
F-uncleaved/F-modif ied M-def icient SeV vector: 
35 In the production procedure of the SeV vector used above , culture 

was performed in a medium containing a high concentration (7.5 ng/mL) 
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of trypsin and SO U/mL collagenase to induce the cleavage of F, and 
the F-cleaved vector was collected (see Examples 17 and 18) . In the 
present Example; to accomplish protease -dependent selection during 
infection, ( a*i F-uncleaved SeV was produced ,by collecting SeV without 
5 . adding proteases during production. • 

Specifically, LLC-MK2/F7/JVI62/A cells were cultured in a 10-cm 
dish until confluence. Each of the F-modified M-deficient SeVs 
prepared in Example 17were infected to cells (M0I= 5) . One hour later ,\ 
the supernatant was removed and washed twice with MEM medium. 4 mL 

10 MEM was added to the cells and then cultured at 32°C. Five days latqr, 
the supernatant was collected, and -bovine serum albumin (BSA) was 
added to a final concentration of 1%. After measuring the HAU titer, 
the supernatant was stored at -70°C until use., Each of the F-modified 
M-deficient .SeVS were collected in the range of 2 7 to 2 10 ' HAU/mL (1 

15 HAU= lx 10 viral particles/mL, and therefore this corresponds to lx 
10 8 to lx 10 9 particles/mL)' and were adjusted to lx 10 8 particles/mL 
by dilution. 

The* results of this exogenous experiment confirmed the 
production of vectors that infect LLC-MK2 in MMP-dependent and uPA- 

20 or tPA-dependent manners by SeV/F (MMP#2) AM-GFP and SeV/F (uPA) AM--GFP, 
respectively (the data of exogenous proteases are not shown) . In 
addition, whether selective infection due, to protease expression is 
possible in MMP-expressing HT1080 . strain, . tPA-expressing MKN28 strain, 
and SW62 0 which hardly expresses the proteases, was tested by 

25 endogenous experiments (Fig. 38). SeV/F (MMP#2) AM-GFP infects to 
MMP-expressing HT1080 strain, but not to tPA-expressing MKN28 strain. 

SeV/F (uPA) AM-GFP infects to t PA- expressing MKN28 strain but not to 
MMP-expressing HT1080 strain. As shown above, each of the SeVs showed 
selective infection in a protease-dependent manner. 

30 

[Example 26] F-modified M-deficient SeV vector infection due to MMP-3 
and MMP-7 induction via human fibroblasts: 

SW480 and WiDr were shown to induce MMP-3 and MMP-7, respectively, 
through co-culture with fibroblasts or in vivo culture (Kataoka, H. 
35 et al./ Oncol. Res. 9, 101-109, 1997; Mc Donnell, S. et a J . , Clin. 
Exp. Metastasis. 17, 341-349, 1999). These cells were used to 
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investigate whether infection of F-modified M-def icient SeV vector 
. changes in vivo. Each cancer cell line was cultured in a 96-well plate 
until confluence (5x 10 4 cells/well) . After washing twice with MEM, 
50 \ih MEM containing 1 HAU/mL (1 HAU= lx'10 6 viral particles/mL,' and 

.5 ' thus, corresponding to lx 10 6 particles/mL) of F-uncleaved SeV, was 
added for infection, formal human luncj fibroblasts (TAKARA) were 
added at a concentration of 5x 10 4 cells/well to*the cells and cultured, 
for four days at 37°C (Fig'. 39) SW480 and WiDr were infected by 
SeV/F (MMP#2) AM-GFP, through co-culturing ' with human fibroblasts. 

10 Such a phenomenon is not observed in Sw'62 0, which is not inducible. 

[Example 27] MMP-selective infection of • an F-modified M-def icient 

i 

SeV vector to human aortic smooth muscle cells: 

Aberrant expression of MMP has been reported in arteriosclerosis, 

15 rheumatoid arthritis, wound healing, in addition to caricer (Galis, 
, Z. ( S. , andKhatri, J. J. , Cird. Res. 90, 25JL-262, 2002; Martel -Pellet ier, 
J. et al., Best Pract. Res j Clin. Rheumatol. 15, 805-829, 2001). 

To demonstrate the applicability of F-modified M^deleted SeV 
vectors to these diseases, MMP-selective* infection of the vectors 

20 to human aortic smooth muscle cells was directed. Human smooth muscle 
cells (TAKARA) were cultured in a 96-well plate until confluence (5x 
10 5 cells/well) . After washing twice with MEM, 50 |lL MEM containing 
SeV (F-uncleaved form: 1 HAU/mL (lx 10 6 particles/mL) ) was added to 
the ceils for infection. The equal amount (50 |1L) 'of 

25 protease-containing MEM was added thereto and cultured for four days 
at 37°C. The number of cells expressing GFP per cells in 1 mm 2 was 
counted (Fig. 4 0) . Infection of SeV/ AM-GFP was enhanced only by the 
addition of trypsin, whereas infection of SeV/F (MMP#2 ) AM-GFP was 
enhanced by the addition of collagenase, MMP-2, MMP-3, and MMP-9. 

30 

[Example 28] Protease-dependent cleavage of the F protein in 
F-modified M-def icient SeV vectors: 

As shown in Example 20, by incorporating each of the protease 
degradation sequences into the F protein, F-modified M-def icient SeV 
35 vector showed cell fusogenic infection dependent on those degradation 
sequences. Furthermore, whether cleavage of F0 occurs in a 
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protease'-dependent manner after modif ication.was confirmed by Western 
blotting. Sampling of viruses was performed by the following method. 
Three types of viral particles; SeV/ AM,. SeV/F (MMP#2 ) AM, and 
SeV/F (uPA) AM., were infected at MOI= 3 to M protein- induced helper 
5 cells. Two days* after infection, the supernatants were collected and 
centrifuged at 18,500 xg for three hours, and the precipitates were 
resuspended in=PBS. To each of the virus suspensions, proteases were 
added at final concentrations of 7.5 nxj/mL for trypsin', 0-. l.ng/mL* 
for MMP-9, and 0.1 ng/mL for uPA and incubated at 3 7°C for 3 0 minutes. 

10 Sample buffer was added to each mixture to prepare SDS-PAGE samples. 
SDS-PAGE and Western blotting were' performed according to standard 
methods (Ki.do, H. et.al. "Isolation and characterization of a novel 
trypsin-'like protease found in rat bronchiolar .epithelial'Clara cells . 
A possible aptivator of the viral fusion glycoprotein. " J Biol Chem 

15 267, 13573-13579, 1992). Rabbit ant i-Fl t antibody was obtained as 
antiserum by immunization of a mixture of three synthetic peptides 
(FFGAVIGT+Cys : 117-124, EAREAKRDIALIK: 143-155, and CGTGRRPISQDRS : 
401-413; which are SEQ ID NOs : 46, 47, and 48, respectively). 
HRP-labeled anti-rabbit IgG antibody (ICN, Aurola, OH) was used as 

20 the secondary antibody, and chemical fluorescence method (ECL Western 
blotting detection reagents; Amersham Biosciences, Uppsala, Sweden) 
was used for detecting developed colors. .Fig. 41 shows the results 
of treatment with an M-def icient. SeV vector comprising unmodified 
F (1, 4, 7, and 10), an M-deficient SeV vector inserted with MMP#2 

25 sequence into F (2, 5, 8, and 11), and an M-deficient SeV vector inserted 
with uPA sequence into F (3, 6, 9, and 12) with the above-mentioned 
proteases at 37°C for 30 minutes. 

As shown in Fig. 41, cleavage of Fl occurred, according to the 
respective inserted protease substrates, i.e., in the presence of 

30 trypsin for the M-deficient SeV vector with unmodified F, in the 
presence of MMP for the M-deficient SeV vector inserted with MMP#2 
sequence into F, and in the presence of uPA for the M-deficient SeV 
vector inserted with uPA into F. Although not shown herein, for the 
M-deficient SeV vector into which uPA sequence is inserted, cleavage 

35 of Fl was observed in the presence of trypsin when the degradation 
time was prolonged to four hours. This agrees well with the results 
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of Example 20, and indicates. that syncytium formation occurs in an 
. F cleavage -dependent manner. • 
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[Example * 29] '.-Increase .of fusibility .by cytoplasmic domain-deletion 
of the Fprptein: , 

Infiltratibn of the paramyxovirus to, the host is accomplished 
by the fusion of . the 1 viral membrane and the host cell membrane. In 
5 this infiltratibn mechanism, the HN protein of the Sendai virus binds 
to the sialic' acid of .the host, and the F protein causes cell membrane 
fusion. During this step, the conformational change of the F protein 
resulting from the' binding of HN has been suggested to bfe important' 
(Russell, C.J., Jardetzky, T.S. and Lamb> R.A., "Membrane fusion 

10 machines of paramyxoviruses:, capture of intermediates of fusion,." 
EMBO J. 20, 4024-34 2001) . Therefore, most of the F proteins of 
paramyxoviruses do not show fusogenicity of , cells when they are 
expressed alone on cells. Only cells.that simultaneously express the 
HN protein ha\re f usiogenicity . The deletion of cytoplasmic domains 

15 within the F and HN proteins in a paramyxovirus is known to increase 
its f usiogenicity (Cathomen, T. , Nairn, H.Y. andCattaneo, R. , "Measles 
viruses with altered envelope protein cytoplasmic tails gain cell 
fusion competence." J. Virol. 72, 1224-34, 1998) . To determine which 
deletion mutant of the cytoplasmic domain of the F protein in Sendai 

20 virus causes the largest increase in fusogenicity , deletion mutants 
were prepared and inserted into pGAGGS expression vector (Niwa, H. 
et al. #| Gene 108, 193-199, 1991). An HN- carrying pCAGGS was 
co-transf ected and the resulting fusogenicity was confirmed from the 
number of formed syncytia. . 

25 PCR was performed on each of the mutant genes, in which the 

cytoplasmic domain of F had been deleted, using the primers as shown 
below, the resulting fragments were treated with Xhol and NotI, and 
then ligated to the pCAGGS vector. Primers used for PCR were as 
follows: 

3 0 Fct 2 7 primers ( 5 ' - CCGCTCGAGCATGACAGCATATATCCAGAGA- 3 ' / SEQ ID NO : 4 9, 
and 5 ' -ATAGTTTAGCGGCCGCTCATCTGATCTTCGGCTCTAATGT-3 ' / SEQ ID NO: 50); 
Fctl4 primers ( 5 ' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3 ' / SEQ ID NO : 51 , 
and 5 ' - ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC - 3 ' /SEQ ID NO : 52 ) ; 
and 

35 Fct4 primers ( 5 ' - CCGCTCGAGCATGACAGCATATATCCAGAGA- 3 ' / SEQ ID NO: 53, 
and 5 ' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC- 3 ' / SEQ ID NO: 54) 
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(Kobayashi M. et al . , J. Viol., 77, 2607, 2003). 

To measure cell fusogenicity, LLC-MK2 or HT1080 cells were plated 
onto, a 24-weil plate to reach confluence. 3 \ih Fugene 6 was mixed 
with 50 ^iL Opt i -MEM. 2 |ig of each pCAGGS expression plasmid was mixed 

'■ 5 ' with an equal amount of pCAGGS/EGFP, and then added to' the mixture 
Of Opti-MEM and Fugene §. After standing at room temperature for. 15 
minutes, this mixture was added to the 24 -well plate in which the 
media was replaced with 500 (lL MEM medium. After culturing at 37°C 
under 5% CO? for three hours , the' medium was replaced with MEM containing 

10 1% FBS for HT1080, and MEM containing 7.5 (ig/mL trypsin or a 
predetermined concentration of type IV qollageriase (Clostridium) for 
LLC-MK2 . After culturing for 48 hours., the number of fused syncytia 
per xlOO visual field (0.3 cm 2 ) of an inverted microscope was counted. 

Alternatively, the cultured cells were f;Lxed in 4% paraformaldehyde 

i ■ - 

15 for two hours, transferred to 70% ethanol' and then to distilled water, 
, i stained for five minutes with hematoxylin, and washed with water to 

count the number of syncytiaim-f orming ■ nuclei in every 0.3 cm 2 . 

Three, kinds of amino acid sequences of the F protein in which 

the cytoplasmic domain has been deleted are shown in Fig. 42 (A) , and 
20 their fusion activities are shown in Fig. 42 (B) . As indicated in 

Fig. 42 (B) , cells in which only the F protein were expressed did not 

fuse, but co-transf ection of HN induced fusogenicity. Furthermore, 

i 

the F protein (Fctl4) having a sequence in which 2 8 amino acids were 
deleted so that the cytoplasmic domain becomes 14 amino acids v)as 
25 found to show the highest f usogenicity . - 

[Example 30] Drastic increases in fusogenicity caused by the F/HN 
chimeric protein: 

The envelope proteins of the paramyxovirus , the F and HN proteins 

30 form a trimer and a tetramer, respectively, on the cell membrane, 
and are known to interact with each other through their ectodomains 
andMprotein (Plemper, R.K., Hammond, A.L. andCattaneo, R., "Measles 
virus envelope glycoproteins hetero-oligomerize in the endoplasmic 
reticulum." J. Biol. Chem. 276, 44239-22346, 2001) . As shown in Fig. 

3 5 42, the F protein alone does not show fusogenicity, and the HN protein 
is essential for its fusogenicity. Therefore, a chimeric protein 
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comprising the FI and HN proteins wa6 produced to produce vectors having 
enhanced * f usogenicity by simultaneously expressing the F and HN 
proteins as a fusion protein on the same cell membrane. The F protein 
is a type II membrane protein and HN is a type I membrane protein. 
5 Therefore, as' shown in Fig. 43'(A) ; the. chimeric pr.otein .(Fctl4/HN) 

was prepared. to form a' U-shape on the cell membrane and comprise two 

i 

transmembrane domains. Fct 14 showing high f usogenicity was' used as 
the F protein.. A linker sequence consisting of 50 amind acids was* 
inserted between, the two proteins (Fct 14/Linker/HN) . According to 

10 database searches at present, this linker isequence doesi not show 
homology to , any protein. (A non-Sense* sequence synthesized by 
inverting from fzhe N-terminus to C-terminus,of tfre amino acid sequence 
of the cytoplasmic domain of env of simian .immuriodef iciency virus 
(SIVagm) was. .ysed. ) , 

15 The method for producing the expression plasmid of the F/HN 

chimeric protein gene is specifically described below.. The F/HN 
chimeric protein gene was inserted into the pCAGGS vector. PCRs were 
performed on the F gene and the HN gene, respectively, and the obtained 
two fragments were ligated topCAGGS. During this step, a 150 -bp linker 

20 gene (50 amino acids) was inserted or nothing was inserted between 
the F/HN genes . . The sequences of the primers utilized are shown below: 
F gene prjLmers (F-F : 5' -ATCCGAATTCAGTTCAATGACAGCATATATCCAGAG-3'' /SEQ 
ID NO: 55 and 

Fct 14 -R: 5 ' -ATCCGCGGCCGCCGGTCATCTGGATTACCCATTAGC- 3 ' /SEQ ID NO : 56 ) ; 
25 Linker/HN gene primers (Linker-HN-F : 

5 ' - ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAGCAACGACGGAGGT 
GAAGGACCAGAGGACGCCAACGACCCACGGGGAAAGGGGTGAACACATCCATATCCAGCCATCT 
CTACCTGTTTATGGACAGAGGGTTAGG- 3 ' / SEQ ID NO: 57) 

and HN-R: 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCATAA-3 ' / SEQ. ID NO: 58) ; 
30 and HN gene primers (5' -ATCCGCGG.CCGCAATGGATGGTGATAGGGGCA-3 ' /SEQ ID 

NO: 59 and 5 ' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCA-3 ' / SEQ ID NO: 60). 

As shown in Fig. 43 (B) , although a chimeric protein without the 

linker sequence shows low f usogenicity , insertion of a linker 

drastically increases the fusion activity to approximately five times 
35 to that obtained by co-transf ection of the F and HN proteins. 
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[Example 31] Maintenance of the function of fusogenicity and substrate 
specificity: • 

In order to acquire fusogenicity, the F protein not bnly has 
to be expressed simultaneously with the HN protein, but also hats to 
be cleaved into two. subunits (Fl and F2).by a protease. In Figs. 42 
and 43, the fusogenicity is measured in the! presence of trypsin, and 
the fusogenicity is completely absent unde:r conditions without trypsin. 
The cleavage sequence of the ;F protein was modified in the 
Fctl4/Linker/HN chimeric, protein shown in Fig. 43 so that it acquires 
fusogenicity in an MMP -dependent manner. 1 Many degradation substrate 
sequences of MMP have been reported., Among them, eight kinds of 
sequences were modified.. The amino acid sequence of the cleavage site 
was modified as shown in Fig. 44 (A) using QuickChange™ Site-Directed 
Mutagenesis Kit (Stratagene, La Jolla, CA) t . The sequence of the fusion 
peptide after cleavage by a protease was considered in the triodif ication . 
The N-terminal region of Fl of the pa^amyxoviral F protein, which 
is called the fusion peptide, is reported to be important for its 
fusion activity, and fusogenicity of the F protein is sometimes lost 
by the mutation of amino acids in that region (Bagai, S . and Lamb, 
R.A., W A glycine to alanine substitutidn in the paramyxoviral SV5 
fusion peptide increases the initial rate of fusion." Virology 23 8, 
283-90, 19.97) . Therefore, the sequence of the N-terminal region of 
Fl whose importance has been indicated was left untouched. In that 
case as well, when inserting the general six-residue sequence kn6wn 
as a degradation substrate of MMP, the design of Fl after degradation 
by MMP involved addition of three residues to the N-terminus. This 
indicates that the addition may allow degradation by MMP, but may 
affect the fusogenicity of the F protein. Thus, in designing an F 
protein that undergoes MMP-dependent cleavage for activation, 
following two points must be taken into account: (1) substrate 
specif icity by MMP; and (2) maintenance of fusogenicity of theFprotein 
after cleavage . 

MMP#1 is most well-known sequence as a synthetic substrate of 
MPP. This sequence is also used for targeting other MMPs . MMP#3 and 
MMP#8 are also commercially available sequences as synthetic 
substrates. The sequence of the degradation substrate, PLGMWS, of 
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MMP-2 and MMP-? were modified to' PLGMTS and PQGMTS (SEQ ID NOs : 61 
and 62, respectively) as MMP#2 arid MMP#6 , respectively , according 

to the consensus' sequence, Pro-X-X-Hy- (Ser/Thr) for MMP-9 which was 

i 4 1 

revealed by phage display. MMP#5 was constructed as PQGLYA (SEQ ID 
5 NO: 63) according to the, report by Shneider .et al. .(American Society 
of Gene therkpy, Annual meeting No. 1163, 2002, Boston) . In MMP#4, 
the sequence of the fusion peptide after degradation is not modified. 
The sequence of MMP#7 was found. by a phage display method for MMP-2.* 
The details of the preparation of expression plasmids that have 
10 a modified F activation site in the F/HN fusion gene are shown below. 
After constructing the F/HN fusion gene, mutagenesis of the activation 
site of the F protein was performed on pBluqscript F/HN. To introduce 
mutation, QuikChange™ Site -Directed Mutagenesis Kit (Stratage'ne , La 
Jolla, CA) was used according to, thq method described in' the kit. 

15 The sequences Of synthetic oligos used for the mutagenesis were as 

_ ■ ■ i . 

follows : ' , 

F(MMP#1): 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGT 
GCTGTGATTGGTACTATCG-3'/SEQ ID NO: 64, and 

20 5' -CGATAGTACCAATCACAGCACCGAAGAATaa 

. CccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG- 3 ' /SEQ ID NO : 65); 
F(MMP#2) , , . 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTG 
TGATTGGTACTATC- 3 ' / SEQ ID NO: 32, and 

25 5 ' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG- 3 ' / SEQ ID NO: 33); 
F(MMP#3): 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCTG 
TGATTGGTACTATCG-3 ' / SEQ ID NO: 34, and 

3 0 5 ' - CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
ATCATTGGTGACAG-3 ' /SEQ ID NO: 35); 
F (MMP#4 ) : 

( 5 ' - CAAAATGCCGGTGCTCCCCcGTt GgGATTCTTCGGTGCTGTGATT - 3 3 ' /SEQ ID NO : 
3 6 , and 5 ' - AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG - 3 ' / SEQ ID 
35 NO: 37); 
F(MMP#5) : 
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( 5 ' - CTGTCACCAATGATACGACACAAAATGCCccTcagggCt tGtatgctTTCTTCGGTGCTG 
, TGATTGGTACTATC-3'/SEQ ID NO.: • 66,' and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAagcataCaaGccctgAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG- 3 ' /SEQ ID NO: 67) ,; 1 • 

' ,5 ' F(MMP#6) : 

• ( 5 ' - CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCGAGtTTCTTCGGTGCTG 

TGATTGGTACTATC - 3 3 ' /SEQ ID NO : 68 , and 5 ' -GATAGTACCAATCACAGCACCGAAGAA 

aCTCGtCatGcct tgAggGGCATTTTGTGTCGTATCATTGGTGACAG- 3 ' /SEQ ID NO : 69); 

F(MMP#7), :, . • ■ ' • . . (5' - 

10 CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGCTGTGAT 

TGGTACTATC-3 ' / SEQ ID. ,NO: 70, and 

5 ' -GATAGTACCAATCACAGGACCGAAGAAagcCGtataGtaAgcAagGGCATTTTGTGTCGTA 
, TCATTGGTGACAG- 3 '. /SEQ ID NO : 71 ) ; and ' 

F(MMP#8) : \ t 
15 ( 5 ' -CTGTCAC(^^TGATACGACACAAAATGCCccTctTggCttGgCGAGaTTGTTCGGTGCTG 
, ' TGATTGGTACTATC- 3' /SEQ 1 . ID • . ■ NO: 72, . . and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcCaaGccAagAggGGCATTTTGTGTCGTA 

TCATTGGTGACAG- 3 ' / SEQ ID NO: 73). . 

The lower case letters indicates the mutated nucleotides . After 
20 modification, the sequences weire cut out with EcoRI and ligated to 

pCAGGS. 

Each of the vectors comprising the respective sequences and a 
vector comprising the EGFP gene (pCAGGS/EGFP) were mixed at equal 
amounts, and the mixture was transfected to HT1080 that highly expre'ss 

25 MMP. As a result, only when the genes of the sequences of MMP#2 and 
MMP#6 had been introduced, cell fusion occurred, and syncytia were 
formed (Fig. 4 (B) ) . These sequences are in common that an Hy-S/T-S/T 
sequence (MTS) is added to the N-terminus of the Fl protein after 
cleavage with the protease . Therefore, the addition of the Hy-S/T-S/T 

30 sequence (particularly MTS sequence) was considered to very likely 
fulfill the requirements (1) cleavage of the F protein by 
HT1080-derived MMP, and (2) maintenance of fusogenicity of the F 
protein after cleavage . On the other hand, no cell fusion was observed 
for MMP#1, MMP#3, MMP#4 , MMP#5 , MMP#7, and MMP#8 at all. Since all 

3 5 the sequences, with the exception of MMP#4, are derived from synthetic 
substrates of MMP and are expected to be cleaved by proteases, the 
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peptide. iof t.hree amino acids added to Fl' was suggested to limit the 

activity of the cleaved F protein. Regarding MMP#4 , under this 

condition, it \s highly unlikely that the cleavage itself does not 

take place . While the clata is not .shown,. t this is obvious from the 

5 fact that syncytium formation is observed, with MMP#4 due to induction 

of MMP by the phorbol ester in ( HT1080. 

Furthermore, in addition to the comparison of the fusogenicity 

of the sequences of MMP#2 andMMP#6, the MMP concentration-dependent ; 

cell fusogefiic.ity of a sequence in whi'cH the 7th and 12th residues 

10 from the N-terminus of the fusion peptide sequence of #6 were modified 

from G to A was measured (Fig. 45) . 'The sequences of synthetic oligos 

used for mutagenesis of this F/HN fusion gpne were as follows: 

5 ' -CTTCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCAC-3 ' (SEQ ID 

NO: 74) . ■ . ■ . 

, ■■ ■ 

15 and 5 ' -GTGGTGATGTCGCCACTgCAAGTGCGATAGTAgjCAATCACAGCACCGAAG - 3 ' (SEQ 
ID NO: 75) . The lower case letters indicate the mutated nucleotides. 
Preparation of expression plasmids was performed similarly as 
described* above by, after mutagenesis, cutting out the sequence with 
EcoRI and then ligating to pCAGGS . 

20 As a result, MMP#6 was found to have two to three times higher 

fusogenicity compared to MMP#2 . , Importantly , MMP#6 induces cell 
fusion eveii under low protease concentration conditions. Namely, 
accomplishes activation of the F protein at low concentrations. 
However, when a mutation from G to A, which has been reported as a 

25 mutation increasing the fusogenicity of the F protein (Peisaj ovich, 
S.G., Epand, R.F., Epand, R.M. and Shai, Y. , "Sendai viral N-terminal 
fusion peptide consists of two similar repeats, both of which 
contribute to membrane fusion." Eur. J. Biochem. 269, 4342-50, 2002) 
was further introduced (#6G12A) , the fusogenicity decreased to 1/10 

30 or less. These results, revealed that, by simply inserting a protease 
cleavage sequence to modify the tropism by a protease, the activity 
of the F protein cannot be maintained and causes loss of fusogenicity 
in most cases. When constructing a virus by introducing an objective 
degradation sequence, the fusogenicity can be confirmed using this 

35 system. In addition, since a significant fusion activity is exhibited 
by the Fctl4/Linker/HN alone carried on pCAGGS, transfection of this 
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plasmid . is predicted to have antitumor effects. Moreover, by 
, introducing this chimeric protein into the M-def icient Sendai virus, 
further increase of antitumor effects is expected. 

i 

.5 ' [Example 32] Construction of an improved F-modif ied M-def icient SeV 
•genomic cDNA with increased f usogenicity i 

Examples 2 9 and 3 0' showed increases in f usogenicity through the 
''». modification of the F protein carried on' the pCAGGS vector. Through 

similar, modification of the ■ M-def icient Sendai viral vector, 
,10 preparation of an improved F-modif ied Ata SeV, in which fusogenicity 
is increased, was expected.. Gene construction of the improved 
F-modif ied M-def icient SeV genomic cDNA was performed by the method 
as described below. SeV/F (MMP#6) AM-GFP was constructed according to 
the same method as in Example 16*. Mutation of the F gene was performed 
15 on LITMUSSall/Nhelf rgAM-GFP using the oligonucleotide of SEQ ID NO: 
, ' 69 ( , and QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 
Jolla, CA) according to the method described in the kit. The cDNA 
of SeV/F (MMP#6) AM-GFP was constructed by ligating a Sail and 
Nhel -digested fragment of the mutated LITMUSSall/Nhelf rgAM-GFP and 
20 a fragment comprising the NP genfe (obtained by Sail and Nhel digestion 
of the F-def icient Sendai viral full-length genomic. cDNA carrying 
the EGFP gene at the F-deleted site (pSeV+18/F-GFP; Li , H et al . , 
J. Viol. 74, 6564-6569, 2000; WO00/70070 ) ) (Fig . 46). Multicloning 
site Sendai viral cDNA (referred to as pSeV(TDK) ) (JP-A 2002-272465) 
25 was used as the basic framework for the construction of M-def icient 
Sendai virus in which 28 amino acids of the cytoplasmic . domain of 

the F protein were deleted (SeV (TDK) /Fctl4 (MMP#6) AM-GFP) and 
M-def icient Sendai virus carrying the F/HN chimeric protein 

(SeV (TDK) /Fctl4 (MMP#6 ) /Linker/HNAM-GFP) . The M-def icient Sendai. 

30 virus, SeV (TDK) /Fctl4(MMP#6) AM-GFP, in which the cytoplasmic domain 
of the F protein has been truncated, was constructed as follows . Since 
TDK was used as the framework, firstly, pSeV (TDK) /AM-GFP was 
constructed. GFP/EIS (GFP added with the EIS sequence encoding 
transcription initiation and termination signals) was amplified by 

35 PCR using synthetic primers (Nhe-GFP-F: 

ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: - 94), and 
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GFP-EISnBs'sm'I: 

ATCCGCGC.GCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (SEQIl^NO: 95)) with LITMUSSall/Nhelf rgAM-GFP as a template . 
Nhel and BssHI I treatments were performed, on the multicloning site 
5 of Sendai viral. cDNA and the .amplified GFP/EIS, and the resulting 
fragments we're ligated to substitute the M'protein with GFP in order 
to prepare pSeV (TDK) /AM-GFP . 

Fctl4'(MMP#6) was , amplified by PCR with 

pCAGGS/Fctl4 (MMt>#6) /Linker/HN prepared ii* Example 31 as a template, 

10 using synthetic primers, Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG (SEQ 
ID NO:. 96) ' .: and Fctl4 -ElS-Sall : 

ATCCGTCGACACGATGAACTTTCACCCTAAGTTTTTCTTACTAC^TTAACGGTCATCT 
GGATTACC " (SEQ ID NO: 97) . The Fctl4 (MMP#6), was inserted into the 
position of F to replace the F gene, re soil ting in the construction 

15 of pSeV(TDK)/Fctl4 (MMP#6) AM-GFP (Fig. 46). Next, an M-deficient 
Sendai virus carrying an F/HN chimeric protein 
(pSeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) was constructed. GFP/EIS 
was amplified by PCR with GFP as a template., using synthetic primers 
(Nhe-GFP-F : ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 98) and 

20 GFP-EIS-Sall: 

ATCCGCTAGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (£EQ ID NO: 99)),. The GFP/EIS anfl multicloning site Sendai 
viral cDNA were treated with Nhel and 'Sail . The resulting fragments 
were ligated to delete the M and F genes, and substitute with GFP 
25 to produce pSeV (TDK) /AMAF-GFP. Fctl4 (MMP#6) /Linker/HN was amplified 
by PCR with Fctl4 (MMP#6) /Linker/HN prepared in Example 31 as template, 
using synthetic primers (F/HN5 ' Nhe-F : 

ATCCGCTAGCAGTTCAATGACAGCATATATCCAGAG (SEQ ID NO: .10,0), and 
F/HN3 'Nhe-EIS-R: 

30 ATCCGCTAGCACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTTAAGACTCGGCCTTGCA 
TAA (SEQ ID NO: 101)). pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM -GFP was 
constructed by ligating Fct 14 (MMP#6) /Linker/HN to the Nhel site of 
the above-mentioned pSeV (TDK) /AMAF-GFP . 

35 [Example 33] Reconstitution and amplification of the improved 
F-modified M-deficient Sendai virus: 
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Reconstitution of a virus from the cDNA constructed in Example 
-. 32 was performed according to procedure reported by Li'et al . ' (Li, 
H.-O. et al. , J. Virology 74, 6564-6569, 2000; WO 00/70070) . However, 
since the cDNA was of the M-deficient form as in Example 17, helper 
• \ 5 ' cells that provide the M protein in trans (Example 11 j were used. 

Cre/loxP expression induction system was : used for the production of 
helper cells. This system uses a plasmid; pCALNdLw, that is'desigried 
\, to indudibly express gene products by Cre DNA recombinase (Arai, T. 

etal., J. Virol. 72, 1115-1121,1988). The inserted gene was expressed 

10 by infecting a recombinant adenovirus '(AxCANCre) , which expresses 
Cre DNA recombinase, to the transformant of this plasmid by the method 
, of Saito et al . (Saito, I. et al . , Nucleic Acids Res. 23, 3816-3821, 
, 1995) ; Arai, T. et al . , J. Virol. 72, 1115-1121, 1998) . The M-deficient 
SeV in which the activation site of the f! t protein is substituted was 

15 reconstituted as described below. LLC-MK2 cells were plated onto a 
, 100-mm dish at 5x 10 6 cells/dish, cultured for 24 hours, and then 
infected at room temperature for one hour with recombinant vaccinia 
virus (at MO.I= 2) expressing T7 polymerase (PLWUV-VacT7 : Fuerst, T.R. 
et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986), which had 

20 been treated with psoralen under Ultraviolet A (365 nm) for 20 minutes . 
The cells were washed with serum-free MEM. pSeV/F (MMP#6) AM-GFP 
(alternatively, pSeV (TDK) /Fct 14 (MMP#6) AM-GFP or 

pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) , pGEM/NP, pGEM/P, pGEM/L 
(Kato, A. et al., Genes Cells 1, 569-579, 1996) , pGEM/M, and pGEM/F-tIN 

25 (Li, H.-O. et al . , J. Virology 74, 6564r6569, 2000; WO 00/70070) 
plasmids were suspended in Opt i- MEM (Gibco-BRL, Rockville, MD) at 
densities of 12 |Lig f 4 [ig, 2 \ig, 4 ^ig, 4 |ig, and 4 |ig/dish, respectively. 
SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 
to 5 (1L per 1 jig DNA was added to the mixture and mixed. After leaving 

3 0 standing at room temperature for 15 minutes , the mixture was ultimately 
mixed to 3 mL of Opti-MEM comprising 3% FBS, added to the cells, and 
then cultured. After culturing for five hours, the cells were washed 
twice with serum- free MEM, and then cultured in MEM containing 4 0 
|Lig/mL cytosine p-D-arabinofuranoside (AraC: Sigma, St. Louis, MO) and 

35 7.5 ^ig/mL trypsin (Gibco-BRL, Rockville > MD) . After culturing for 
24 hours, cells continuously expressing the F protein 
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(LLC-MK2«/F7/M62/A: ( Example 12) were, layered. at 8 . 5x 10 6 cells/dish, 
and cultured for another two days at 3 7°C in MElfl containing 4 0 \ig/mL 
AraCand 7.5 |iig/raL trypsin (P0) These cells were collected, and the 
pellets were .suspended in Opt i -MEM at 2 mL/dish. After repeating the 

5 cycle of freezing and thawing for three times; the lysate was directly 
' ♦ • f . • 

transfected to LLC-MK2/F7/M62/A, and the cells were cultured at 32 °C 

in serum-free-MEM containing 40 p.g/mL AraC, 7.5 |ig/mL trypsin/ and 

50 U/mL type IV collagenase (ICN, Aurola, OH) (only trypsin fori 

pSeV(TDK) /Fctl4 /MMP#6 ) /Linker/HNAM-GFP) .(PI). Three to 14 days 

10 later, a portion of the culture supernatant was collected!, infected 
to freshly prepared LLC- MK2/F7/M6 2 /A, and the cells were cultured 
at 32°C in serum- free. MEM containing 40 |Lig/mL Ar^C, 7.5 |Llg/mL trypsin, 
and 50' U/mL type IV collagenase . (only trypsin* for 
pSeV(TDK)/Fc,tl4 (MMP#6) /Linker/HNAM-Gf P) ; ',(P2) . Three to' 14 days 

15 later, of- the culture was infected to freshly prepared 
LLC-MK2/F7/M62/A and the cells were cultured for three to seven days 
at 32°C in serum-free MEM containing 7.5 (19/mL trypsin and^SO U/mL 
type 'IV collagenase (only trypsin for 

pSeV (TDK) /Fctl4 (MMP#6 ) /Linker/HNAM-GFP) (P3) . The culture 

20 supernatant was collected, BSA was added thereto at a final 
concentration of 1%, and stored at, -80°C. The stock virus solution 
was thawed/ and used for later production .and in vitro experiments. 

As described above, SeV/F (MMP#6') AM-GFP in which the F protein 
cleavage site was modified from PLGMTS (SEQ ID NO: 61) to PQGMTS (SEQ 

25 ID NO: 62) , SeV (TDK) /Fctl4 (MMP#6 ) AM-GFP in which 28 amino acids were 
deleted from the cytoplasmic domain, and 

SeV (TDK) /Fctl4(MMP#6) /Linker/HNAM-GFP carrying the F/HN chimeric 
protein were successfully produced. 

30 [Example 34] Increase of fusogenic activity in the improved F-modified 

M-deficient Sendai viral vectors: 

In order to investigate the performance of the viruses produced 

in Example 33, various cancer cell lines having different expression 

levels of MMP-2 and MMP-9, and LLC-MK2, in which MMP expression is 
35 not detected, were infected as described below, and the cell 

fusiogenicities of the vectors were measured (Fig. 47) . Each of the 
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cancer cells (HT1080, U87MG, A172, U251, SW480, and LLC-MK2 ) was plated 
onto a 24 -well plate with a media indicated by the supplier to be 
confluent. U87MG (ATCCNo. HTB-14) and A172 (ATCC No . CRL- 162*0) were 
purchased from ATCfc. U251 (IFO5.0288) was .purchased from JCR6 bell 
bank. After washing twice with MEM medium, each of the M-deficient 
Sendai viral vectors (SeV/AM-GFP) was inf ected at MOI= 0.1.. The cells 
were left standing at room temperature for. one hour and washed with 
MEM medium, and then 0.5 mL of MEM containing 1% FBS was added to 
the 24 -well plate. After culturing for 4 8 hours, the number of fused 
syncytia per X100 visual field (0.3 cm 21 ) of an inverted, microscope 
was counted. Alternatively, .the cultured cells were fixed in 4% 
paraformaldehyde for two hours, transferred to 7 0% ethanol and then 
to distilled water, stained for five minutes with hematoxylin, and 
washed with water to count the number of syncytium- forming nuclei 
in every 0.3 cm 2 . The results are showh in Fig. 49. ' 

( ' The expression of MMP-2 and MMP-9 was confirmed by gelatin 
zymography performed in Example 22 (Fig., 48) . As a result, expression 
of MMP-2 in HT1080, U87MG, and Al 72 was confirmed. Furthermore, low 
level of MMP-9 expression was confirmed inU251 andSW480. The apparent 

expression of MMP-2 in LLC-MK2'is due to the activity of MMP-2 in 

1 

the 1% serum contained in. the medium. Two days after infection of 
each of the cancer cell lines, the spread of GFP was observed. As 
a result, fusogenic activity was observed in U251 and SW480, which 
did not show the spread of infection with the conventional 
SeV/F(MMP#2)AM-GFP, infected with the improved F-modified 
M-deficient Sendai viral vector. In particular, those infected with 
the M-deficient Sendai viral vector carrying the F/HN chimeric protein 
(SeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) showed fusogenic activity. 
Although data is not shown, murine Lewis lung carcinoma and murine 
colon-26 carcinoma as well showed fusogenic activity due to infection 
with improved M-deficient Sendai viral vectors. The improvement of 
vector is expected to effect to further enhance the effect and exhibit 
effect on cancers with low concentration of MMP. 

Industrial Applicability 

The present invention provides vectors that specifically spread 



infectioh in.;the presence of an objective protease. The vectors 'of 
the present invention do not show significant production of virus-like 
particles, and are transferred to neighboring, surrounding cells only 
by cell fusion. .Therefore, the vectors of the present invention are 
5 useful for infecting vectors locally to a 'limited area of the tissue 
of interest . ' In particular , the, present invention provides vectors 
that specifically spread their infection to cancer. These' vectors 
have strong inhibitory effects on tumor proliferation. Gtene therapy 
for cancer using the vectors of this invention is very likely to become 
10 a novel cancer 'treatment with little side-effects. i 



i 
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• ' CLAIMS 

♦ 

1. A complex comprising a genomic RNA of paramyxovirus wherein (a) 
a nucleic acid encoding an M protein is mutated or deleted, and (b) 

. 5 * a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein,' is encoded, said complex further comprising , 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
10 ' the complex has been introduced; 1 

(2) a significant decrease in or lack' of production of viral 
particles in the intrahpst environment ;> and 

(3) the ability to introduce the RNA into a cell that contacts 

• • ■ • 

with the cell transfected with the complex in the presence of the 

15 protease . 1 ■ 

2. The complex of claim 1, wherein said complex is a viral particle. 

3 . The complex of claim 2 , further comprising the wild-type F protein. 
20 ' 

4. The complex of any one of claims 1 to 3, wherein the paramyxovirus 
is Sendai virus. 

5. The complex of any one of claims 1 to 4, wherein the protease 'is 
25 a protease whose activity is enhanced in cancer. . 

6. The complex of any one of claims 1 to 5, wherein the protease is 
a matrix metalloproteinase or plasminogen activator. 

3 0 7 . The complex of any one of claims 1 to 6 , wherein the sequence cleaved 
by the protease comprises Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg. 

8. The complex of any one of claims 1 to 7, wherein a cytoplasmic 
domain of the wild-type F protein is partially deleted in the modified 
35 F protein. 
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9. The complex of any one of claims 1 to 8,. wherein the modified F 
protein is fused with an HN protein. 

\ ■ 

10 . A method. f or producing a viral particle which comprises a genomic 
5 RNA of paramyxovirus wherein (a) a .nucleic acid encoding an M protein 
is mutated oir deleted, and (b) a, modified F protein, whose cleavage 
site sequence . is substituted with a sequence tAat can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded;! 
wherein the viral' particle : ' (1) has the ability to replicate the genomic 

10 RNA in a cell bo which the viral particle has been introduced; (2) 
shows a significant decrease in or ladkof production of viral particles 
in the intrahost environment; and (3). has the, ability to introduce 
the genomic RNA into a cell that contacts with the cell transfected 
with the viral particle comprising the genomic RNA in the'presence 

15 of the protease; said method comprising the steps of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing wild-type 
M protein' of paramyxovirus; and 

(ii) collecting viral particles released into the cell culture 
2 0 supernatant. 

11 . A method for producing a viral particlq which comprises a genomic 
RNA of paramyxovirus wherein (a) a conditionally mutated M protein 
is encoded, and (b) a modified F protein, whose cleavage site sequence 

25 is substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded; wherein the viral 
particle: (1) has the ability to replicate the genomic RNA in a cell 
to which the viral particle has been introduced ; (2 ) shows a significant 
decrease in or lack of production of viral particles in the intrahost 

30 environment; and (3) has the ability to introduce the genomic RNA 
into a cell that contacts with the cell transfected with the viral 
particle comprising the genomic RNA in the presence of the protease; 
said method comprising the steps of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 

35 of the paramyxovirus and the genomic RNA, in cells under permissive 
conditions for the mutant M protein; and 
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(ii) collecting viral particles released into the cell culture 
. supernatant. • . 

12. The method of claim 10 or 11, wherein step (i) is performed at 
5 ' 35°C or below. 

13. The method of claim 10 or 11, further comprising the step of 
presenting the protease that cleaves the modified F protein during 
at least. either of step (i) or (ii) ; or the step of treating the viral 

10 particle collected in step (ii) with the protease. 

14. The method of claim 10 or 11, further comprising the steps of 

i 

. expressing the wild-type F protein of paramyxovirus in the cell during 
step (i) ; and presenting the protease t^a.t cleaves the wild-type F 
15 protein during at least either of step '(i) or (ii) ; or the step of 
,' treating the viral particle .collected, -in 'the step (ii) with, the 
protease. i 

15. A therapeutic composition for cancer comprising the complex of 
20 claim 5 and a pharmaceutical ly ' acceptable carrier. 

♦ 

16. A recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
showing cell f usogenicity in the presence of matrix metalloproteina'se 

25 or plasminogen activator. 

17. A nucleic acid encoding the protein of claim 16. 

18. A viral particle comprising the protein of claim 16 or a nucleic 
3 0 acid encoding the protein. 

19. A fusion protein having cell fusogenic activity and comprising 
the transmembrane regions of the paramyxoviral F and HN proteins, 
wherein the proteins are bound to each other on the cytoplasmic side. 

35 . 

20. The fusion protein of claim 19, wherein the sequence of the. 



It , 

cleavage 'site o,f the protein is substituted with a sequence that 'is 
cleaved by a, protease that .does not cleave the jvild-type F protein. 

21. A nucleic acid encoding the protein of claim 19. 

i • •.' . ' 

22. A vector' comprising the nucleic acid of claim 21. 

23. A viral particle comprising the protein of claim 19 dr a nucleic 
acid encoding the protein. 
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. ABSTRACT 

The present invention provides cell fusogenic vectors having 
replicative ability, whose protease -dependent tropism has *been 
5 ' modified . M gene-deficient viral vectors encoding modified F proteins , 
•in which the cleavage site of the F protein of i paramyxovirus is modif ied 
to be cleaved by different proteases,: were produced. In cells 
transf dcted with these vectors, the genomic RNA present in the vectors 
is replicated, and cell fusogenic infection spreads to neighboring 
0 cells depending on the presence of other 'proteases ; however, no viral 
particles are released. The vectors of this invention, encoding the. 
F proteins which are cleaved by proteases- whose activity is enhanced 
in cancer, show cancer growth suppressive effect in vivo. 
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>-^>f (SeV) $^ffiV^•CJt^t&^^^-^li^^ 2 fTo•C#fc 0 SeVfi 

^^:?r^-r^i:^^$tlfc (Minato, N. et al. (1979) J. Exp. Med. 149, 

1117-1133) o z<Dm<Ds<7$?y$4ji'XX'hmmzffim.M&*m£& 

tlX^Zo Mfc. Fusogenic proteinO^^^^g $tl,TV^§ 0 Galaniskte 
, measles virus <DF, HN® 6 K^T^t ^adenovirus vector#\ J^bfc-lM 
J&^yVi/^A^J&U in vivoT'^^^^LTV^ (Galanis, E. et 
al. (2001) Hum. Gene Ther. 12, 811-821) „ 

y^^^p^pfr-t 5 (mmp) io^w^tcn^^^y-^r^^-^ 
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- (uPA, tPA) &ll!}%hl~Z>Z.btf%lt>tlX^Z> (Cox, G..; and 0' Byrne,. K.J. 
(2001) Anticancer Res. 21, 4207-4219; Andreasen, P. A. et al. (2000) Cell 
Mol, Life. SciV'57, 25-40) „ ^©li t IT V lSWWIt5^ v f O 

&t> v Kh&mfaft'? vvytx (ecm) m t & 9 ®im<D®m*x t fcv^-e 

> ^it^^fiCM^^-r^^ (MMP, uPA, tPA)£383IU ECM##?1-5-£fc£ 

t 

^PJfi> ^af7- Wft ho fXA^^^ti, 4#£tf>:/nxT~t?# 

£2o<Dg6£:f LTV^o F (fusion) ll&Ktt!>-Y^^ ; e<D^iT*fc5^l& 
££$IIIl^££-£> W«^K^r»M^ttJ$*So HN (hemagglutini 
n-neuraminidase) m&nteft&L&mktfe t<D / J 7 

mStl, ^^©^V^n-^BlCj^LWS. $.tcM (matrix) 
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i , - 

.f^ssc (fo) tt*©**-ctt»ja»^sttft^$-rx i±ft^P7T^, 

^.M^•t-SF^o^^s^y7 ,, i>'y^^i^v^ x -eo hn t°XA^FoiS^ 

IH^J#^{^t>^^i:^$^-cV^S (Tashiro, M. et al. (1992) J. Gen. V 
irol. 73 (Pt 6), 1575-1579) „ Newcastle disease virus N Measles virus"Cfi 

,t%7J<VTV^Z> (Li, Z. et al. (1998) J. Virol. 72, 3789-3795; Maisner, A. 
et al. (2000) J. Gen. Virol. 81, 441-449) e 

Mitmm^tk^ti^>o £.ftft®*\c&^x\$, sk*\zfcmhtcvj/i>xtf± 

tPjtf§:itii$^ 0 ^&^ N ^^^fc^VNFjt^^tSSeV (Li, 
H.0. et al. (2000) J. Virol. 74, 6564-6569; W000/70055; WO00/70070) %M 
ALfc«^^fet>!7^^#^ (VLP: virus like particle) <Dl&\ft1£WlM 
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(WOOO/09700) o wftJbOM£»M^/V*te\ *A»£:}b^T^£*t v 

2»aj&^£m£iH\ #^oai^T*(D^^^{f ibtiZttMtl:^??-* 
P, uPA, tPA#£(0:/PxT-i??£^^^ Z 

m-tzm, upa, tPAmm^mtzm^fritxmHu mm$m$<$mmm 

m o X # < SeV-< t ? - &im Lfco 

M±lZ.m^Z>mi%<DWMf&fe (Kato, A. et al., 1996, Genes Cells 1: 569-579 

) £/bv\/m§£\ uiKmm^-(^<Dm^mmir^^ ti*x% &&&&& 

(wooo/09700) 0 m^kv^mmtLxwK&m^? 

^xitmmx^^m^o^mm^ ^ ^tm^^tix^?> 0 *%w%bi$ 
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1 1 ' 

mmmm&nvMMik vwtkmmmvj »x(Dm&te&nim&Lx&y , 
mzMu (38*0 ^^xum^(Dmmmmmm^Lx^tc. 0 Mmm^mm 

^&^#ji^wif-m^le:«tt)^L<^fc^r5 > 4£ft (32TC) fcifcvvr 
fe^lfi^BTOMSeo^tt^n&klteTbT*??)^ ' IR/Wf (microtubule) (D^ 

jc^brMELT-v^o ^/hWi^^y^Sfetw-rs 
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i-a ?V ***** *-&imt&zbfc2:oXs ^^mtmrttam^v 

«r5jrrs# s^ttoi^v^^-r ^-©it^^ffi^^ ^-©^m^.-sriifc'i- 
w^umz.mfe£tix^tc<D\z.ftu *&m<D^?*-vft&M&KMvx&\* 

tc 0 ttit-XKh u h d V^J\'XK&^XMgP&m®lfo$:M&}k-i'Z>'<? 
UlSJfCVSjfl* (Peng, K.-W. et al., 1997, Human Gene Therapy 8=729-738; P 



7 • ' 

eng, K.-W. et al., 1999,. Gene Therapy 6:1552-1557; Martin, F. et al., 199 
9>, J. Virol. 73:6923-6929) N *%Wbfe%mSM<D i f-f<i >ft±< gftoXW 

^nm^TT-^^^wrxmm\mijit^>^t\ziiV) s &m&)\zm$kmz 

o 

^xtj*x&**mmi-%xmzMmvtc 0i znjjmzxtu^ u^mfmssc 
^mFm^m^^^-^z.^mPik^t-r^K $4**?; -Mosaic 

^<Dt 5 mtzk*o%femmx%m-?>7n7 L T--' m?&rxo 
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r ' • ' ■ 

^^^fc^^ux^^; ^ (b) ^FSeK-efcoT, ^SKcd^ 

i ■ • , 

CD w^&mmAistitcMj&tiT*m^y^ 

■ » 

C 6 ] Wtfn vhyj/^^^^n^n :rT-i? £ fete:/:? * =• / - 

C7] ^nf7- ^{31J;oT^$tt6iaW N Pro-Leu-Gly s Pro-Gln-Gly, 
£fcteVal-Gly-Arg2r£ti\ [1] [6] (D^-ftlfrlZ^O^^ 

C8] ^^Fga«iC*5VN-C, ^MFMe^^olfBlS® K^^XD-§iJ^ 
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1) ^^*&^^A$;frfc» ( 

[1 1] '<7^?)SV-<(jV*(D>f;J*mkX*h<>T, (a) ^#^^Sr^-r5M 
I6®lr3-KU (b) ^Flfift'feot, ^fi^OM^Moia^iJ 

fcH&ft£=3— K-t-5y/ARNA^1-§t7^/V^^-t?fcoT^ (1) 
*&W^A£ftfc«rtT^^ (2) ?t£l*lPI 

^^VNT!7^/^^(DM^^(c{£T*fcfi^LT*5?); (3) WCfxx 
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(ii) mmm(Dmm±m\mm^ntc^^A^ : f-^ui-^iM^ 

Wis 

ci 2] xm a) %35°cuTx*no, ci a) *fc« ci i] {ciateo^fe, 
ci3) xm a) ~ (ii) <D'j>t£< t^i*tifr(Di%n\z#^xWim&m&w 

\ , ' 

^i^^S^nrT- \f%ft&£l£Zj)\ hZ>W$lM (ii) te&WCHm;* 

tifc^^/v^^^^nxr-^-e^a-rixm^tf, a o] ci 

ci4] xm a) \z&^xmmmftx*;<7$?y$j/px<Dm&mm&K*% 
xm <i) ~ (ii) ©^*<tt>v^^oi^afcK»^aFfiejtsrHi 

^/v«^of7- tfTf«Bli-5XSSr&tr, [10] [11] m 

[is] [5] ^lam^is^^i^^w^fF^^^sfe^^tf^o^m 
ci 6] ^T^^y^/^FaeeffoafeasasK-efcoT, ws^^PtorLeu- 

Gly, Pro-Gln-Gly N £fcl4Val-Gly-Arg£^#v ^hV -fvy^T—H 

ci7] ci 6] K%m<Dm&%%=>-\*i"z>mm, 

[1 8] [1 6] (3l|B^(DgeK*fcf«ae^^-Ki-6^^if^^/V 

[i 9] ^^^^y^^^Fse^it^aewo^mii^^^, ,«sc 
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, • I t " ■ I . 

I*' ' ' i ' ' 

[2 0] [1 9] ;fc|BJtt©tt^«fiRT*>or; &&&ft0m8$m0EffltK ' 

[2i] 'Ci9.rfc^©afiit*a^>^««»x 

C2 2] '[2 1] fclt^O^'fc^tK*** ' 

«Mfc»V^T^9-5^yi>^^ttt^5;5^y!>^/U^ft (Paramyxovirid 
ae) fcmi^^/Vxj^ 

7VX3Eft. (Paramyxbvirinae). (^7 5 ^ ^ (V* fc°n «M/p;*JR £ 

t?-<ft'7*W& (Pneumovirinae) (— ^~^£WVV.XJil3o <£l£;>t 3.— =E-^^/V 

4t7 A A** (Sendai virus) x — yXjVfii V -f .>kX (Newcastle di 

sease virus) % < V 4 (Mumps virus) % /V* (Measles vir 

us) x RS !> ^ (Respiratory syncytial virus) N 43g V -f (rinderpest vir 
us) N ^7W^^;V7 (distemper virus), ^/W<v^( yy/Xs^ls-f 4 As 
X (SV5) , fc K^y^^y/Vrc^if^^y^i, 2 , 3g!###tf feixS. £9=11 
##}(£{3: x #l;tfcf Sendai virus (SeV) N human parainfluenza virus-1 (HPIV-l) 
x human parainfluenza virus-3 (HPIV-3K „ phocine distemper virus (PDVK 
canine distemper virus (CDVK dolphin molbillivirus (DMV"K peste-des-peti 
ts-ruminants virus (PDPRk measles virus (MV)> rinderpest virus (RPVK He 
ndra virus (HendraK Nipah virus (NipahK human parainfluenza virus-2 (HP 
IV-2) > simian parainfluenza virus 5 (SV5) x human parainfluenza virus-4a ( 
HPIV-4aX human parainfluenza virus-4b (HPIV-4b) N mumps virus (Mumps) N $5 
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1 • " " 

itftfewcastle disease virus (NDV) /iWS»5o £ 50* L< fi s .Sendai 
virus (SeV) N human parainfluenza virus-1 (HPIV-1) % human parainfluenza vl 
rus-3 (HPIV-3K phocine distemper virus (PDVK canine distemper 1 virus (CD 
V) N dolphin molbillivirus (DMV) N peste-des-pet its-ruminants virus (PDPR) 
% measles virus (MV) N rinderpest virus (RPV) N Hendra virus (HendraK 3o<fc 
X* Nipah virus (Nipah) fohfzZmX VmftZtlZVJ sVX&&mV% 5„ 

©fl^T*^ 9, £ >9 L < & 1/* t°n ? ^./VXJi (Respirovirus) $ 
^ y ? ^ (Paramyxovirus) tt)f 5) \Z.mtZ> ? 3;7t{«<^z§# 

'^W.y?^^^^ 1 !! (HPIV-1K K hstyjyyjy^y^Vjsi'X 
3 M (HPIV-3) N £ v-^n°7-T V!7/l/:r. Vif ^*3§J (BPIV-3) . N i? $ 4 
/^(Sendai virus; ^VXs*?^ l/~7;V^l/f V-O^ lMb t>P£fftt£h *5 
<tW/W-?7-r V^^lf^/K^lO^ (SPIV-10) ftW^ftSo ^PJf- 

W^*tes msm. mmw, ?#mw&. &*TfX%to\mm&ti 

mat, m*mx.7$yjz?u*^hi$, Ao?iaot#^^^f wo 
j^w-^khu #y^>u*^K^^ *t?*&j& y#~ £ 
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r' i . 

KBR^iifc'bf /K*<?V A&a- kW#!> i>*^ K&*S** X M 
'ft**fc'f±A^ttlclW$ttfc^TfcO#5. ^BJtc&Vr Tdnaj £ 

*m*fctt^br*5 0, (b) wieff&ot, ^sfisrona^ 

(1) &&£##&A£;fafc^ 

o 

(3) ^DTT-fO^CMLt, ^^^ s *A$tLfc«t^M1--5 
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c 

(RNP) T*fco-C«fcVV RNP(4> W*.tf9rk<fc> h^V^rc^S/a .J^WSSfclft 
ftm&J&tffetlZo ? / ARNAO^CRtix ^RNA<D=i^-^:(Dii7JP^RT-PCR*fctt 

§ So 

W£#fcROT£7&&U tt«&»c*9yyA*©a^aqfc£U RimiK 
U-t^RNP^M^ttS^^oRNASrm^o ^7 ^ * V 
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/ ARNAfis !^RNA{£ ^ K & ;ix <5 jft'fe^il £>3§5l,:}o <fc TJ*RNA ii #£> li ^HiSte: , 
&gft7^A-*g£ffT*fc3'N O^U^+tT&'K) % P (***) s te^TX 
'•(7-^) ^TWirV^v^KLTV^o £fc^RNAft, H^te^^RNA 

U feS@<D»T*«^(CHN^fi^f«M^ < (Markwell, M.A. et al. , Proc 
. NatiL.Acad. Sci. USA 82(4) : 978-982 (1985)) N Fm&W<0%-X*m%£ft$.±-r 

.' • • • 

i-^^pl^^^tl^o N»^i4"NP^^|B$tlS^<!:t>fcS 0 
l^Xt 6 n7>r/V^JS NP P/C/V M F HN - L 
7l'7 , 7^/^l NP PA M F HN (SH) L 

*-¥V VjAxm NP P/C/V M F H L 

7 $^y!7^/V^^ XParamyxoviridae) <DV*\i 0 xiV j jV* (Respir 
ovirus) Ki^HS & i? V^-Y [7 4 fr* (D^fo^MM^)^— * <D 
Tttyi/ 3 NPifr^-t-oVNTte M29343. M30202, M30203, M30204, 

M51331, M55565, M69046, X17218, PiUH^-fcol^Tte M30202, M30203, M30204, 
M55565, M69046, X00583, X17007, X17008, Mat^l-O^Tte D11446, K02742 
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.... ' 

, M30202, 1430203, M30204, M69046, U31956, X00584, X53056, FJtfc^COVvr 
It D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, X00152 
, X02131, HNJt^fclolvCfi D26475, M12397, M30202, M30203, M30204, M690 
46, X00586, X02808, X56131, Lifr^fclo^Tte D00053, M30202, M30203, M30 
204, M69040, X00587, X58886^#^C»^ t 9 '[tfit*<DfaOV4 A*x'&=*~- K^S 

^xm.te s ¥-*m7F-rthit, m^^^x^ 'cm, AF014953; dmv, X75961 

; HPIV-1, D01070; HPIV-2, M55320; HPIV-3, D10025; Mapuera, X85128; Mumps, 
D86172; MV, K01711; NDV, AF064091; PDPR, X74443; PDV, X75717; RPV, X6831 
1; SeV, X00087; SV5, M81442; *3<tT^ Tupaia, AF079780, Pjf fc^ffcoV N"Cte: N . 
CDV, X51869; DMV, Z47758; HPIV-1, M74081J HPIV-3, X04721; HPIV-4a, M55975 
; HPIV-4b, M55976; Mumps, D86173'; MV, M89920; NDV, M20302;- PDV, X75960; R 
' PV, X6831K SeV, M30202; SV5, AF052755; ' *5«fctJ* Tupaia, AF079780, p&fc=J- 
(CO^Tte CDV, AF014953; DMV, Z47758; HPIV-1. M74081; HPIV-3, D00047; MV 
, AB016162; RPV, X68311; SeV, AB005796; ife'cfctf Tupaia, AF079780 % M^frfcr?- 
{C-O^Tki: CDV, M12669; DMV Z30087; HPIV-1, S38067; HPIV-2, M62734; HPIV- 
3, D00130; HPIV-4a, D10241; HPIV-4b, D10242; Mumps, D86171; MV, AB012948; 
NDV, AF089819; PDPR, Z47977; PDV, X75717; RPV, M34018; SeV, 1131956; *5<£ 
T$ SV5, M32248 N Fitfe'Hco^Tte: CDV, M21849; DMV, AJ224704; HPN-1. M223 
47; HPIV-2, M60182; HPIV-3. X05303, HPIV-4a, D49821; HPIV-4b, D49822; Mum 
ps, D86169; MV, AB003178; NDV, AF048763; PDPR, Z37017; PDV, AJ224706; RPV 
, M21514; SeV, D17334; SV5, AB021962, HN (H£fc&G) it^fCoV^-C 

CDV, AF112189; DMV, AJ224705; HPIV-1, U709498; HPIV-2. D000865; HPIV-3 
, AB012132; HPIV-4A, M34033; HPIV-4B, AB006954; Mumps, X99040; MV, K01711 
; NDV, AF204872; PDPR, Z81358; PDV, Z36979; RPV, AF132934; SeV, U06433; 
&J;T>* SV-5, S76876 WJ^ftSo {iU /V*«»Otfc#*P ibtlXfr 
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iJ:«fcoTglS$n5gH^JiJ:^$nTV>5 (®m 0 *&m<z>>f Semite, 10 
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Ai""<5££#3h£UA (Journal of Virology, Vol. 67, No. 8, 4822-4830, 199 

&zm^mifemwmM\z.&vmnii-%z ttix*% & (wooi/18223) 0 $.it, ? 

<Z>i£ < ^#A-T § 15 w^jW < x 5' < ic#Ai"S £355i w«/V;d5 

5. di^^li:**. fetish ^it^« % &¥o^lE9H*HB^JI3ttt 
3' fc— ^ W A'X.fefc^- £ 2# El O^fS^(p0RFtf>Pi9 fcif X L"C t> £ V \ 

x *x»jB^©i«»a^a*u<3fev^tts mtf^^-te^tsmxaH* 

£ 0 tfe, flfit#Sejr©loT?*)5HNS6lfttx #Jk^^^T-fe5^^ 
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r' • •* i . ... 

*f-~^ (hemagglutinin) ft&b / 4 7 (neuraminidase) jgtt^^M 

z>z.b\t£Xis ■ mmmmK^n^m^mm,^jm}mm^fi^btj:<\ 

X^<Dfe±\Z.tt^%SeV<Dmm&&WgfcWJ>irZ> (Kato, A. et al., 1997, J. 
Virol. Vl: 7266-7272; Kato, A. et al., 1997, EMBO J. 16:578-587; Curran, J 
. et al., W001/04272, EP1067179) . Z(D <fc 5 ftH^fb^*— it. in vivo * 
fcteex vivo\z.^if^m^Otj:^m^mAB^^^^^-b LT^fflT'fcS 

1 

t - - • 

(rn^^^TO^tvNp) srikw (£ft&2»fcti'£i^) i~s 



WO 03/093476 FCT/JFIW/U5S28 



uTv^5.■raE6^ts^Mlli-6^: l ^4^ zo£?\m±o?m&m%m<Dft-W(DV* 

:7& N Arg-X-Lys/Arg-Arg (RXK/RR)' (V'"eE§Ifctt3t2oOT $ 7^if^> 
X*$>ZZt&&ir) -Cfc5 0 Human PIV3 (RTKR) . SV5 (RRRR) „ 

Mumps virus (RHKR) N NDV (virulent strain) 3&##c (RQR/KR) % Measles viru 
s (RHKR) A RS virus (RKRR) ti)£\W^^K^flbO^^y(0Un^W^X 

#tf('l£tfM£l\ Sendai virus (PQSR) N Human PIV1 (PQSR) , NDV (avirulen 
t strain) MWfa (K/RQG/SR) XitZfD^—y^Xltt bt . tU^nf 

t?#5 (Mittf^^^qt, *B*jE-|g&, **, $##0, 1997, pp. 247-248 
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^m®7bT7-¥x*mmtz> stick?* x&mz.Fm&n&mwittmfeir 

(W001/20989) 0 ClOip^^^T^^feS^nxT-^r'Mg^ttSga 
i&titc\m%mW,i$&Z>t k&X*Z 0 ix.ll fcSttJiTftllttfclKa**: 

i4Mb$ii5^Df7- tf©-eowE5«ift*iffi-ni/«x 0tiii«rt*t?©^*wfc 

§«i-5^^-Sr«Si-rsc:^#"t?#5o Suffix 
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• 1 1 ' 

U )ffiSeft5Wl¥©§lt^S:5l< k#^fetb"CVv5o Xfr'Ml/^Wffi^M (Kar 
lsson, J.O. et al. (2000) Cell Biol. Int. 24, 235-243) tttlt 0IJx.fi L 
eu-Leii-Val-Tyr &£M&MkVXm^t>tlX^Z> 0 • 

) , a-M^-ym^sm (E2) asit^^^y^*-^ (E3) KisMSftft 

#$?£ft5<> fertS#fti-SE3lMlttHBClSliRING :7^>#~Mi-*S'J£ft, 

|C#i-53W!iaWk br«Mx.^^Leu-Leu-Val-Tyr}05fflV^^>t^/•CV^5 (Reinheckel 
, T. et al. (2000) Arch. Biochem. Biophys. 377, 65-68) e 
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pP^^jfiW^f-^r^y^-OADAM (a disi 
ntegrin and" metalloproteinase) ^©»*>0#*^&B £*lW6 0 #{CADAM 
TS (ADAM with thrombpspondin motif) ^ttttyD7t^ P ( # y (T ^ P 
y) (7)^k^i©^^#xb^TV^ (Tortorella, M.D. et al. (1999) Sc 
ience 284, 1664-1666) . ADAMTS}c:ioXagrican^^^tbfe|a^J^#^$'ixT 
1^3 (Tortorella, M.D. et al. (2000) ( J: Biol. Chem. 275, 18566-18573) „ 

b\z£9^ ^mmm^m^&if^^^-^mm^^^b^mbfj:V), «%■ 
mmvm.fc+mm^? fi-bLxm#>x%mb * ^e^rat*.*:/^ 

% ^ o 77-^©M v^VW©^3ti8 J: tti&tt § #:©/Cii-C'fe o TJ:V\ 
/n7T-f©IIK/vtt, ^077- ^©3t^FWf>TrS:^n-y^b/t/ 

y^nybs ELISA, ^tt*fe^K:J:9aJW-5w4:«s-Tft5. ^fc^n^T- 
6o ^ftfi^nxT— ^©Pl*S : f^^:i l 9M^4^llll5^t^•CV^6^©^ 
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fclfcEMSfl^ h'V yt* (extracellular matrix; ECM) 1 ftf$W$<OWfi&i*s ' 
^{^:te^tt^^*5V^-C^^4^/L3iL•CV^6 (Nakajima, M. and Chop, A.M., Se 
min. Cancer Biol. 2:115-127, 1991; Duffy, M.J., Clin. Exp. Metastasis 10: 
145-155, 1992; mfafty h V ? *£08m\ , ft *7G?& • 

*Hkfk£3g#J ^^tt, PP. 124-136, 1993^) 0 ftt^^T*^ IfflJOT 

j&iStiX^k> 0 mm^hV y?*V>J&fib LTItv JlfW^Kitt, 37-^' 
^^{cfiECM^^ie: J; ^ecm^P^< pt>oT*3 ^ECM#fi?i^tf} 

i 

o « . . ■ 1 

i?fc#^£ft6o ^X^^rt-eOECM^^tt^ft^nxT-if^iry yT'nf 

mxomm. wm, ^mnm^ mmM, m%.. %<t. mmw£}?% 

mzfo&^BMftfcft&irtt V y/nfT^Vfc If*- (serpin) tic 
ECM^ttir y ^oxT-if^bttt, ^X^>^G, ^7**— £\ 7°7^ 
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■7?*%;*- tfyTZ*?'*-?— (plasminogen activator; PA) £-£'<D>fyfctf 
^-tfeS^y^^^T^f^-^yt^- (plasminogen activat 
or inhibitor; PAI) #f|!iJ$IUW3o PAfcte, mmm\^W&t%ffl®$$k (tP 
A) b^ ECUftM\Z.M&-fZ> 1 }v*i--- j eW.Pk XuPA) (Blasi, F. and Ve 

rde, P. Semin. Cancer Bio. 1:117-126, 1990). 0 Z.tlb<D20(DPMt^ PklbU 
&irZ>b : £0?E%tf$&^&foZ> (Cajot, J.R et al., Proc. Natl. Acad. Sci. 
USA 87:6939-6943, 1990; Baker, M.S. et al. , Cancer Res. 50:4676-4684, 199 
0) o uPAte^J&^BOuPAI^ir:/*- (uPAR), bW&VtcftmXfcfti'ZZ.b&X 

1^5 (Tanaka, N. et al., Int. J. Cancer 48:481-484, 1991; Boyd, D. et al. 
, Cancer Res. 48: 3112-3116, 1988; Hollas, W. et al., Cancer Res. 51: 369 
0-3695, 1991; Correc, P. et al., Int. J. Cancer 50: 767-771, 1992; Ohkosh 
i, M. et al. , J. Natl. Cancer Inst. 71:. 1053-1057, 1983; Sakaki, Y. et al 
iftll 17: 1815-1821, 1985) 0 

uPA, tPk<D®mBMZ.^XOW%h£< ft£*VCV^ (Rijken, D.C. et al. 
(1982) J. Biol. Chem. 257, 2920-2925; Wallen, P. et al. (1982) Biochim. 
Biophys. Acta 719, 318-328; Tate, K.M. et al. (1987) Biochemistry 26, 33 
8-343) o — JlxfcfflV^ftTV^substrate lE^lfiVGR (Dooijewaard, G. , and KL 
UFT, C. (1983) Adv. Exp. Med. Biol. 156, 115-120) b. Substrate S-2288 (I 
le-Pro-Arg) (Matsuo, 0. et al. (1983) Jpn. J. Physiol. 33, 1031-1037) X 

fc5 0 Butena S mmmo%%M%:*m^x, tPA\zm-z><$M&<DHs^m\\*m 
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(Butehas, s;,'et al. (1997) Biochemistry 36, 2123-2131) N FPR, VPRtfS 

xi^J?+-^\%M\^mm\:t%j mi&nti-Z>*T7>syB (Sloane, 
B.F., Semin! Cancer Biol. 1:137-152, 1990) \ ac.7*^>\ > 

->^L (Kane, S.E. and Gottesraan, EM. , .Semin. Cancer Biol, l; 127-136, 199 
0) . ttXfitCy 9§±>s 7>f^n^f^ 7°D7ty^^ *f7°v/yB^ 
£X$L (^ttfc) 5rSSti-S^7 1 7 B v'^D (Rochefort, H. , Semin. Cancer Biol, 
. 1:153^160, 1990) ftif&mf btlZo %^7V>Z&&X&\%mK%1&Wfo (Sp 
yratos, F. et al., Lancet ii: 1115-1118, 1989; Lah, T.T. et al., Int. J. 
Cancer 50: 36-44, 1992) , ±B$tfrsy^/*— (Shuja, S. et al. , Int. J. C 
ancer 49 : 341-346, 1991) ^3t< l§mbT*5 0\ 

Mttte^M^&TTCl^&ft-CV^ (Sloane, B. F., Semin. Cancer Biol. 1:137-1 
52, 1990; Kane, S. E. and Gottesman, M. M. , Semin. Cancer Biol. 1:127-136, 
1990) o 

^^HT'n^T— i? (metalloproteinase) fcZn^ W^7C^£^fr&^Sl^ 
"C£><9\ 7JX^~£\ T ^ / < r <~? s f-tf—^i^ T^iTTV*sVW®mM, ^7? 
-T-l£t£¥1)m j gi$ilX^Z> 0 ECm#M1rZ>**v7 0 VTT>-'gbLX\$. 16® 
ii.£Jt_hC9'^ MJy^^^^n (matrtix metalloproteinase ; MMP) 

z)^&1*r£;ft/rv^ 0 ft^^MMP^LTtt, 3 7 ^t-t'-l N 2, 3 (MMP-1 % 8 N 13 
) N if ^^7— if A, B (MMP-2, 9) % ^hn^7^m 2, 3 (MMP-3, 10, 11 
) % vMJKv'V (MMP-7) % »^n7P77^ (MT1-MMP, MT2-MMP) ft 
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5.' £fc#£MBll!f (latent MMP3;fcteProMMP£ V^ 9) , LX^^tbx Jlfl^ • 
t -e$>5 tissue inhibitor of mettaloproteinases (TIMP) £ o TStt 

^rOtfC^^^^ — if (collagenase) (MMP-1, 8, 13) Hitt3 7-^ 

'•e'fcsi, 11, iim^v-^^^^u^mmt^o •v s 7?-r- j e (gei 

atinase) H\ 1?7^-i?A (MMP-2) &£W?7^--i?B (MMP-9) <D2m? 

%ftMlTZ>o ^Yn^y^i^y (stromelysin> (MMP-3, 10) it^V^K^^T 
U ^OX^y^J^ Ills IV, IXM=*7— 7*>\ 7^P^^> 
ft if £#fl?-f"5o vMJ7-f Vf. (matrilysin) (MMP-7) it s x^E-^ W 

*5<t^7^^^^^i-5^IStt^^V\ mM^^n^nxT-if (membrane- 
type MMP; MT-MMP) (MT1, 2, 3, 4, 5, 6-MMP) fimMlt^koMMPT'fcSo 

%~FZ>o ^(DWXmnn Arg-Xaa-Lys-Arg (Xaa{^#<DT 5: 7^) « 

ttib^ttSo MT-MMP t L-C&> MT1-MMP (MMP-14) , MT2-MMP (MMP-15) , MT3-MMP 
(MMP-16) \ MT4-MMP (MMP-17) N MT5-MMP (MMP-23) N *5«fctf MT-6-MMP (MMP-25 
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) ft feft, ^J&fWl-MMPttl, II, IIlM^^-y^x MT3-MMPf4HMa 

37^t4 (MMP-1) ••tt*WllB&©ftPfcBB^ : U , t*J9, ***#t?t>*©fiH4> 
^/Wifc^ttfcftglLlCV^S (Wooley, D.E., Cancer Metastasis, Rev. 3: 361-3, 
72, 1984; Tarinl D. et al., Br. J, Cancer 46: 266-278, 1982) 0 ?4 
ZfVf^^^fir-^ (MMP-2, MMP-9) Vm*ft£fc&&fcft^Xm&k%B&&k<D 
T$KM^ffi^B&'Z> t hZ> (Liotta, L. A. , and StetlerrStevenson, W. G. , Semin. 
Cancer Biol, l; 99^106, 1990; Nakajima, i JiiSf 10: 246-255, 1992) 0 
t.tc, XFn^7^^ (MMP-3) ^^JtO±^^4lfi^(0Stt^}^:^§lbTV^5^ 
t&%Qt>frLXV^& (Matrisian, L.M. and Bowden, G.T, , Semi. Cancer Biol, l: . 
107-115,' 1990) o * Yk*?^ (MMP-11) im^*3<ttJ ^ ^:^^^^*5V^ 

XMmm^WL&ZftX^Z (Basset, T. et aL, Nature 348: 699-704, 1990; P 
orte, H. et al. , Clin. Exp. Metastasis 10 (Suppl. 1) : 114, 1992) c 

mvmmmmz, %m&hfox\^ a MMP^^^-rs^sB^j^bTPLGLw 

AR (Bickett, D. M. et al. (1993) Anal. Biochem. 212, 58-64) y GPLGMRGL (De 
ng, S.J. et al. (2000) J. Biol. Chem. 275, 31422-31427) N PQGLEAK (Beekma 
n, B. et al. (1996) FEBS Lett. 390, 221-225) , RPKPVEWREAK (Beekman, B. e 
t al. (1997) FEBS Lett. 418, 305-309) \ PLALWAR (Jacobsen, E. J. et al. (1 
999) J. Med. Chem. 42, 1525-1536) ^$>5 0 MMP-2, 9(DjfrM3lsWk. LTPLGMWS 

(Netzel-Arnett, S. et al. (1991) Anal. Biochem. 195, 86-92) tPLGLG (Wei 
ngarten, H. et al. (1985) Biochemistry 24, * 6730-6734) tf$£>£ 0 
MiS* phage-di splayed peptide library screening }C,to"C N MMP9 (Kridel, 

S. J. et al. (2001) J. Biol. Chem. 276, 20572-20578) , MMP2 (Chen, E. I. e 
t al. (2002) J. Biol. Chem. 277, 4485-4491) , MT1-MMP (Kridel, S.J. et al 
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. (2002) J. Biol. Chem. In JBC Papers in Press, April 16, 2002, Manuscrip 
t MU1574200) Ktti"Z^&nUn*mbfrKiSftX^Z> 0 ZtlbVWiJCX, ■■ 

:/l;i:£i§£;ft/Clv;5 0 Group IV^l^^^^^^^tbSSS^lJ-e. Argtf>& 
VWiibTVFSIPL, IKYHSOia^lJ^MMP9, M!^2^^T^1^-Ml^T'p^^"C 

MMP9<Z>ijO$ria?IJ£ 'bT'tts Pro-X-X-Hy ■(Xrifflflt©*!*, Hytei$7k44^ 
SSr^-f-) 35S#tf #i^Pro-X-X-Hy-(Ser/thf). 35S0£U>o " -± D'Aflcttfctt 
, Pro-Arg-(Ser/Thr)-fly-(Ser/Thr)»j^T*#?) (X-Hy^-tijO^&t 6) e Hy 
(^TKttaS) iim ZtibfcWife&flt&^K ^ll^^Leu, VaU Tyr, He 
, Phe s Trp % UettmfbtlZo fc5V^ N ZthUftVtymm^mfeZftXte V) 
' (^J^L^^TO^OGroup I, II, IIIA, IlIB £#i§; Kridel, S. X et al. ( 
2001) J. Biol. Chem. 276, 20572-20578) v Cft^OMM^I^J^V^ ^ t ft 
X%& 0 *fcMMP2^HUT%±IBOPro-X-X-Hy"T?S>oT«t<> ttlfchy (Ile/Leu 
)- X -X-Hy, Hy-Ser-X-Leu N His-X-X-Hyft W#J*T*t 5 (m^T^&fc^Gro 
up I, II, III, IV &#]$; Chen, E.I. et al. (2002) J. Biol. Chem. 277, 44 
85-4491) o MMP-7, MMP-1> MMP-2, MMP-9, MMP-3, MT1-MMP (MMP-14) £-£tfMMP 

wz^y?- y-(ox? y~~y?m\z£<>xm'M. : mm-z>z. t&x% 

3 (Turk, B.E. et al., Nature Biotech. 19, 661-667 (2001) ; Woessner, J.F. 

and Nagase, H. Matrix metalloproteinases and TIMPs. (Oxford Iniversity P 
ress, Oxford, UK, 2000); Fernandez-Patron, C. et al., Circ. Res. 85: 906- 
911, 1999; Nakamura, H. et al. , J. Biol. Chem. ' 275 : 38885-38890, 2000; Mc 
Quibban, G.A. et al., Science 289: 1202-1206, 2000; Sasaki, T. et al. , J. 

Biol. Chem. 272: 9237-9243, 1997) 0 Mz.tt®mi®4&08T $ /%£ P4-P3-P2-P 
!_ P1 ' _ P2 ' -P3' -P4' (pi-pi' mXtyffiZflZ) ^^/Tttlll, MMP-lte VPMS-MRGG 
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% MMP-39 RPFSrMIMGx MMP-7«VPLS-LTMG, MTl-M^^IPES-LRAG Kiftfmtf'btl 
ZftZtl!b\Z.®m&tlt&\ M^8fctt0!l;if£PLAYWAR (Nezel-Amett, S. et al. , 
Anal. Biochem. ' 195: 86, ,1991) tmf btlZo m<D$mm*m* 
A ^-5I|g^fc^J ■Ztlb<DmmZyc®tZ>Cb%-?%Z> (0J*-tf Calbiochem g ; 
AIM Merk, <D& MMP Substrate #H&) o ( 

-r^if 7 1^ 7 "* (MMP-2. -9) dsm^feSr^ftbftTV^o MMP-2te, MT 
l-MMP^i6pro-MMP-2(D^iffc<t 9^ft^^tb5o ^7^MMP-90^tt^^tts uPA 
KkV^yy*^/— y^b7 P 7^5:^ 5 o< bftx P roMMP-3£EH£teU a 
ctive l^-3^proMMP-95r^b-r5m^«Ux ^©Wtt«©WK:BB4U. 

^tfM#^BT'fc<5o r©i5^nf7- t^LTf*, MMP-2, MMP-9 

% uPA, MMP-3, *5£tf MT1-MMP bfl. #lO!MP-2. MMP-9^ *5<fctf uPAtf^ 

8fr^£x^^- b r i % ^OTrypsin 

ftfcs, Fme^^^bT^c?)Fi®f>T-^N7^#i5oT^/i?(^ ^Bamm 



WO 03/093476 PC l/Jl»03/05528 



- 0 '«;Li»»gi§te:ftVVC* ^FS^KOFlKfjt^Nm*^ Met-Thr-Ser (|B^J# 

Ztltii^Z.b&WmVlt. ftoXs %Sffi%k<DFX<OK$3&\Z. Met-Thr-Ser • *fctt-t 

•i ■ ' 

» • 

*fe»Val^<OS3fe. Thri21g|bTliSer*^«:Ala^Og^ Serfcg|U"Cf±Ala, A 
sru *fcr*Thr^<0«ft«S*»ffc*li. ^tlOT 5: J W.^%mmSL\zJ^ ^X «fc 

V\ ■ 

ttPro-Leu/Gln-Gly (EBI#* : 2) fc£fc£3^«r¥if 5- . £tf>gB#l 
fix bTW^tVCl^^J&g® (Netzel-Arnett, S. et al., Anal. Bio 

chem. 195, 86-92 (1991)) fc#»©E?TT?fc fr* ^OSB^J^, gfe&.bfcFafiK 

SFaeR©§JWf«OF2»f^©C5ld»©r 5 /IfeSr^tfE^ilSTx Pro-Leu/Gln-Gly£ 
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~g }C £ 5 RMft "itf »£0»ft# PWF £ ft&V X P5 9 s Pro-Leu/GlrH}ly<DT?5fS ' 

#lCflP*L<Vj\ Pro-Leu/Gln-Gly-Mfet-Thr-Ser (|B^J## : 3) , Sfci* Pro-L 
eu/Gln-Gly-Met-Thr (B^W* : 4) '«r£rtriEW##tf 6>*t5. Mejt, Thr, *5«t ( , 

*3V^C^^^$T5/m^bN^fp]^^-r2> l~10am. '^Rtf U 2; 3 
v '4> 5, .*fcr46^S^N Pro-Leu/Gln-Gly-Met-Thr-Ser N Ittcfe Pro-Leu/Gln-Gl 
y-Met-Thr ^fattS^fcrtSHfeaJaOTftft^ft* U^SK* LT#tf 3 

o-Gln-Ser-Arg 116 i ) (SB#I#-J§- : 5 ) ^rPro-Leu/Gln-Gly-Met-Thr-Ser* i£)zk 

B^'sti ^SMMP<DS^^tti-li'br^^K^'/7p--^y 

ftbTAW^frftW* (Turk, B.E. et al., Nature Biotech. 19, 661-667 
(2001)) o *@ LTl^<5MMP-2 (Chen, E.I. et al. , J. Biol. Chem. 277 ( 

6) 4485-4491 (2002)) &t*MMP-9 (Kridel, S.J. et al., J. Biol. Chem. 276(8 
) 20572-20578 (2001)) fcoV>Tt»»*«f#f^ff*>^ ^t-MMP-9^oWT, Pr 
o-X-X-fly-(Ser/Thr)©P3^bP2' (P3-P2-P1-P1' -P2' ; §J»f«J>l-Pl' -WCfir 5) 
feoa^t^ra (X=£Ttf>2lg, Hy=8kKtt&£) #g^&h/CV^ 0 
rOa^-fe^f-^iS^Jttx MMP^^OV'^Tji^^ttTV^^OO— O (Pro-X-X-Hy 
) \zh&$ct s MMP-2Rt»-9^ov^T^^4^W^fe^-tt^V^■rif-l > 
y©- OT?*>5^#x.btl/So Z-O&frbb. ±IB^bfc@B^J (Pro-Leu/Gln-G 
ly-Met-Thr-Ser^fcttPro-Leu/Gln-Gly-Met-Thr) £ Ut£*(r$ftS 
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„ -r&fr^ F^e«^»^^Pro-X-X-Hy-Thr/Ser, •£ b V < fiPrd-X-X- 

Hf■Thr/Ser-Thr/Ser^tf'IB^J^0*bV^ ( "Thr/Ser" f*Thr*rt«Ser<D^*>b ' 
^Sr^-f-) o Mk.\f, Pro-X-X-Hy-Thr/Ser^^T.^^b^V^Pro-Leu-Giy-Leu-Tr 
p-Ala^J;t^o^ln^ly-Leu-Tyr-Ala«0^L : <^^ (04 4) 6 Pro-X-X-Hy-Th 

1-Gly-Arg Sr^tflBW^tf £>ft5o wOlBW, &^LfcFM£®£1sUM^F2 

m&OF2Wrft(DCjmii<DT ^ Val-Gly-Arg (IB?>J#.-i§- : 6) & 

^bN*^|p]fc^-r5 ^Jx.^ U 2. 3, 4, 5 N ^fetiea^ Val- 

Gly-Arg ^fc^^tb^tPia^i^m^^^FgfeW^* £ LT 

5, Mx.«x "fe^^!>-f^XF®e«^tC^tftl{f. »£M 
F®e^(^V^•CF2»f>^-<7>C^3T5: /g&fctBi^£IE?l| iS^AMl^te » 

4 Gln-Ser-Arg 116 i ) (IB?lJ#^ : 7 ) £VaI-Gly-Arg(Cgm LfcF^ & 

^j3 1) o i-&*>^ ^FgeK^mi-^^yx^ K^^^-srMoh^^ 
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• '^1IB«r^1il*;Sr^rtS. ^<f)S6f^Jffitt. ^©^nfT^^ETt© 
HN^^^^f^itLfcadenovirus vector (Galanis, E. etal., Hum. Gene Ther. 

12, 811-821 (2ooD) <Dmte*\^x*mmr%7*TT-^mfr%®&m 

£F, HNa6*eVa— K^^bi-6*frfc (Spiegel, M. etal., J Virol. 72 ( 
6) 5296-5302 (1998)) , ^OSBgiSSfcfcV^ iT«t6^nr7- €T'§i 
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1 .i 

• * 

5F®6Kte, ^MF^SK^Jt^S^i^v^M^^^i-o lot, ®u 

r s: / mom^ y* << y*^irz> i,5 mawfcs *i/fcFS6ft«rgrtf'<9 ^ * y £ 

ftOC;fc«tf>10T ^ / l^fcte^ft^ <t «5 0^ U < tel5T ^ / tdtttlSk. 

fciai-So ^95^y^>f^fctt»iia»^«itB-rsi:'#^e>*t5seir (- 



WO 03/093476 1 PCT/JP03/U5528 

36 

r • . . • 

,■*'.'..■ 1 1 • *■ 

v^y/N^f—^odr^y^D^ew-^^) ( Niwa> H et al (1991 ) Gene 108: 
193-199) ft^©3lrt^P*?-^-«rj|ft^i>frSifc^0*bVv'*^ 
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' ,1., ' . 

??^<DYmte, ^fb^^i^ltil (Miyakebv 1996, Proc. Natl. Acad. S 
ci. USA, 93^, 1320-24H ;Kanegaebx 1996 v Acta Paediatr. Jpn, 38^, 182-1 
88JC sU^-^TAi'V-X^te^mAbm&'mffe, 1994 

, 43-58JC, ¥±*±;M^Ik, 1994, IflflSl^, 13#,8-i§\ 757-763H) fc'&o 
•C^5ti--5^i:^x*#5o *fc N {HJx.(ll/b'B!)-f^W^- (J&fcb, 1995 
\ &Uftffim&< 40^, 2508-2513H) , *5J;T^T^/ gt#^^/VX-<^ ( 
3E^t>, 1995, ^6SC^@#i^ 40^ s 2532-2538H) fciffc* ^.<D*j5fel?:«t 9 

^¥6-502069, #<&¥6-95937, ^¥6-71429tfSfcP hfrX^&o JMft^.lfn 
— ^ <M SrfiiaSf £ #ifc £ LTI*^¥6-34727, 4W^506626#*n feftT 
V^ 6 'jM^T^/B^^^fcJB^S^ifefcbXti, #BB¥5-3089752S*P 

M (yMJy**) aSltSra-KfSJt^ Getter) #&M*fcttjfc»L-t 
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. ; • '•' • 

> i 

^^A^^V^t*5^S^^ioXt>i^^tb^o 09*.tfx vesicular stomat 
itis virus (VSV) ^mm&<0&&&<0^$4frXffl&* (VLP: 'virus like p 
article). <DXm&W&£ftX&*) (Jusfice, P,A. ejb al. , J. Virol. 69; 315 
6-3160 (1995)) .; ^Parainfluenza viws(DW&h^&<»&<0^^™& 
'^CS^'tf^^Jh/tV^. (Coronel, E.C. et al., J. Virol. 73; 7035-7038 

(1999)) o ^(rtzotmm.&mtzvwMmm^xfe, ±x(o^-r^wm . 

$4 fr?:xM&£fc>X^Z>t>tfXtete^-t>K V x ) jrl/J&J&tocoTeKteiX 

\,^Z.bfc, ^^0m^^^X^mVX^^tUWirr^^t^X^?> (Ga 
roff, H. et al., Microbiol. Mol. Biol. Rev. 62; 1171-1190 (1998)) „ 

ZbftXZ&o K*V*l/]&J&<ombte&Ote^B&-±<Z>y V (Lipid r 
afts) tmStbX^ZWi (Simons, K. and Ikonen, E. Nature 387; 569-572 (19 
97)) XM, ft* ^Triton X-100<D£ ^^#®^^JCT^^fll« 
m#bVXmi££tltc (Brown, D A. and Rose, J.K. Cell 68; 533-544 (1992) 
) 0 JVyAs^sftpAfr* (Ali, A. et al., J. Virol. 74; 8709-8719 (2000 
)) N ■M&PJA'X (Measles virus; MeV : Manie, S.N. et al. , J. Virol. 74; 
305-311 (2000)) RTfSeV (Ali, A. and Nayak, D.P. Virology' 276; 289-303 (2 
000) ) %$X y lfyK97b (Lipid rafts) X<D tf P jr^J&lfc&fflH £ *l/C*5 «9 x 
^^MSfitt^^n—T'ge (spikegS^&^IE&ftS) -^ribonucleoprote 
in (RNP) fe*«Llfy*V»l**ffia»1-5, Wt>9-f^T*^Pfca* (bu 



WO 03/093476 KC1/JF03/05528 

39 

dding) <Dffimfikt£<>X\^k%%.bilZ (Cathomen, T. et al. , EMBOJ. 17; 

3899-3908 (1998) , Mebatsion, T. et al. , J. Viro}. 73; 242-250 .(1999)) . • 
IIBSfcx Mg&tespike^S (^cytoplasmic tailtiS^-f 5£ ttK JVyfr^S 
if^^/V^ (Zhang, J. et al. , J. Virol. 74; 4634-4644 (2000)) RtfceV (Sa 
nderson, CM. et al., J. Virol. 67; 651-663 '(1993)) mXmZtlX&V . * 
fcRNP t (Dfe&h'f -yyjy^y^ V 4 /y* (Ruigrok, R. W. et al. , Virology 173 
; 311-316 (1989)) ^Jl/yA'&tf&J'ArX&XlSeV (Coronel, E.C. et 

al., J. Virol. 75; 1117-1123 (2001)) ^^tV>5. It, MMfiiA-© 
$-\) 3#^^Oi|#^SeV (Heggeness, M:H. et al., Proc. Natl. Acad. Sci.U 
SA 79; 6232-6236 (1982)&tFzK^ttPftJ&#WVV* (Vesicular Stomatitis Vir 
us; VSV:Gaudin, Y. et al., Virology 2065 28-37 (1995), Gaudin, Y. et al. 
', J. Mol. Biol. 274; 816-825 (1997)) mxm&Ztl, 'z.flb&<0>P 

t.tc. at^n-^ie (spiked) £N LTfcafcfcfc Jt «5VLP^I±lWJ^ 

jfcftttUtaTOSaR^fcS. SEfeW^^T^X (Rabies virus; RV) ©^ 
s Gm&&M£fc&\,^XW > J&J&i>n/30\zWJ>V (Mebatsion, T. et al. , Cell 84 
; 941-951 (1996)) % m&X^m^^Xm/50Q,OO0Ur^W>Ltctm.^^ 
tl/tVS (Mebatsion, T. et al., J. Virol. 73; 242-250 (1999)). •**:> B 

(MeV) ©#£\ M^&^^M^*3V^Tcell-to-cell^Dill^ s /Liib (C 
athomen, T. et al., EMBOJ. 17; 3899-3908 (1998)) % ^fltt'lf U 
m\£ftfr&XfoZb%'£ZZ.k&X%5 (Li, Z. etal., J. Virol. 72(5), 3 
789-3795 (1998)) » t.1t, ^©lft^/L3i^F^V^^4Hge ©cytoplasmic tail ( 
MMl©^^ 1 ') ©SSUfcioTfc&CTV^S (Cathomen, T. etal., J. Vir 
ol. 72; 1224-1234 (1998)) . tot, F*5<tt^/*fc(iHNS 6 ©cytoplasmic tai 
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feU.mzSeVK&^XmXfkm (WOOO/70070) £V*»HHfcfcSl (Stricke 
r, R. and Roux, ' L , J. Gen. Virol. 72; 1703-1707 (1991)) \Z&^X£«DVL 

) x ^fl^tl (F&T^HN) ©Cytoplasmic tailing 6 i<S^UV\5i t 
JVCVS (Sanderson, CM. et al. , J. Virol.. 67; 651-663 (1993), Sanderson 
, CM. et al. , J. Virol. 68; 69-76 (1994)) „, BP*>, If V *^%fc<D^X*&>% 
W&WJlW) \fy Y?y Y (Lipid Rafts) Wte^S^h/fcfcfcfc: 
f*> FSOTiTOCytoplasmic tail t <Df$&PMMXh *> - M®I^M©fc#£L 

#5 0 V V*^1&f&hmk%Z<»tt-Bfem±C>V tryK97h (Lipid rafts) £ 
R?tftv-Cl^#-efc 9 * Triton X-100© £ 5 fcHM" *H^ifiiSte»Jfc^tt© 
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^ffiRrpftSa«i:#Sr3p«ffl't-5.' ^9#*fcT-$mbfc#^ iiBettwWfcbT" 

>• . ' ' • 

iflfcjtfc £te i t> 0 - £ ^t? t So aegid^f ^ - fix . it 

=fertH»fc*8rt b < ttl/B&T* <t 0 #f ^ b < fil/10^Tx «fc 
•J»*b<ttl/30WTs i«50*b<m/5OOTx i.0»*b<ttl/100£lTx <t 
90^b<m/3OO^Tx £9#&b<m/500OTK&TbTi^ 6 ^WAV* 

U<m0 2 /mmT> J:t)»*b< 'ttl0 1 /ml£ilT-C*>So 



WO 03/093476 1 PCT/JP03/05528 

r' • ' ■ 

i 

!M/V*tf>#ti5f3U $l?Lfi£eiy (Cell-Infected Unit) SI£*fct*3JMiL# 
^*^tt(HA)(D^1-5-tfcJ:«9^^-^^T^6 (WOOO/70070; Kato, A 
. et al., 1996, Genes Cells l: 569-579; Yonemitsu, Y. & Kaheda, Y. , Hemag 
gulutinating virus of Japan-liposome-mediated gene delivery to vascular c 
ells. Ed., by Baker AH. Molecular Biology of, Vascular Diseases. Method in 
Molecular Medicine: Humana Press: pp. 295-306, 1999) 0 .jfcffiftlKlflBtt 

o«WK:rt»ia«Mitti * - 1 k «fc o « - 1 

5 (^tJ^ffGFP-CIUi LT) . ' ^©i^bTHDebfeAffittv ClUi^fcft^ 
5 (WOOO/70070) p «£tf>>^/P^^^*J^5^rt^©*5WP 

v- aV(-i ^ ft 9 - £ >6 s T*t 3o ^^.rfDOSPER Liposomal Transfec 

tion Reagent (Roche, Basel, Switzerland; Cat No. 1811169) $rffivVCfr5£ 

i^-ct5o ^7-1 > /^^^ : T :: Sr-B^ffo6v^{^^^v^^ ioomU-dosper 12.5^1 

Sra^u am-cio^iwiiftx 6 weii^w- v\z=ty7^yv\z.mmvK.mm 

\Z.l&&£.fflkVft&t> h7^7x^i/ayt5c 20^^^fl&©^fM^ 
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1 .... 

m&5$.tctt.&tt%m$ t (pH6.5~7. 5) , 5%C0 2 , IMI«T^«f^«* 

5*cM (loss of function) ©gftJf^rfcjaH-JPv &5«»R:i3V^iStt«r*i-^ 

^\mm^m^x, ^^^K^-r^cK^xm^^mmmz. 

T (#l?Ltf32 0 C) Tte«lt®^>^£^U !M/V*&^£7M£"fr&a s . 

(37^c) vn^^&t>ti*4A'X&*ttftr&'zk 

5iM/v*-<**-J* x «fiJWMM"C#5*fls i-fcfcfeff*^**** 1 -- 
•V^^>f^©Mafi|C©G69, T116, *3«fa?A1833&^JfeSP«t9^^tb6^ 
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r ^ y Wft 5 v vm<?> (-) ^rna m /vxum&nvzM tft® jMBsttm* 

^y^Gly, Tn6i^geK^116#@^r5/mThr, A183£«M6«tf>183# 
@<ftT$/$Ala&*rt% ' • , 

^^i"5-i:^^tb"t:v^ (Garoffi ]«. et. all, Microbiol. Mol. Biol. Re 
v. 62:3,17-190 (1998)) 0 SeV M^e«lC*5V^amphiphilic cc-helixb^ 

&£*LT1^104H19 (104-MCTDLRITVRRTVRA-119/ia^J#-^ : 4 5), te^^fifc 
KM^ftW&t tTIRIJfeSiVCV^ (Genevieve, Mottet et al. , J. Gen. Virol. 
80:2977-2986 (1999)) s&S % S^^«(-)mRNA^^^^-C^< &ft£*lX^ 
5o M ^^K©T^ym@a^J{i(-)»A , j7-f/^T'^LT*3'9, ^ ^ V 

^^/V^^4l^V>Tf«^^MMeWfi*MUT^*>J330~380T ^ 7 mfrbK 

{£M4^i!5^ (Gould, A. R. Virus Res. 43:17-31 (1996), Hareourt, B.H. et al 
Virology 271:334-349 (2000)) , ^oT,>Jx.« SeV M®6@^G69, T116, 

SeV M®&ff<DG69 v T116, RmmbmTZttW (-)$tm^/V*Mg6ff 
^IH^^r ^ S«#T*>*ttfx- m^BLASTft -5 /®mW 

rtiCi^H^-r^-^^tSo #lx.#SeV Mge«OG69^^-r?>^Mmfi^ 
(DfamUitt LT{4s human parainfluenza virus-1 (HPIV-1) Vfe^tW&W) X 
fc;ft,£tG69 N human parainfluenza virus-3 (HPIV-3) XhflltGlZ, phocine dist 
eraper virus (PDV)*5 £tfcanine distemper virus (CDV)T?fetl/flG70, dolphin m 



WO 03/093476 ' rci/Ji'UJ/Oro/B 

' 45 

olbillivirus (WfoX'hMG7U pe^te-des-petits-ruminants virus (PDPRK m 
easles virus (MVK *3«k ^rinderpest virus (RPV)T*fetl^G70, Hendra virus 
(Hendra) SoitWipah virus (Nipah)T'fotU3G81 v human parainfluenza virus-2 
(HPIV-2)^&*UfG70 N human parainf luenza virus-4a (HPIV-4a):io .fctftmman p 
arainf luenza virus-4b (HPIV-4b) XhfUfEtf. mumps virus (Mumps) T? fc*LffE7 

©T116Klffi^^#M5fiSIWttl^^fWfl:^ l/Cfiv human parainfluenza virus-1 
(HPIV-l)-efc^f^T116, human parainfluenza yirus-3 (HPIV-3) T*htZll20^ ' pho 
cine distemper virus (PDV)*5itJ ? canine distemper, virus (CDV)-efcftfcfT104 
% dolphin molbillivirus (DMV)^fcft{iT1.05, peste-des-pet its-ruminants vir 
us (PDPR), measles virus (MV)*5<t ^rinderpest virus (RPV)T'&;fttfT104, He 
ndra virus (Hendra) & X t^Nipah virus (Nipah) X*fofl&n20 s human parainflu , 
enza virus-2 (HPIV-2)*5 it^simian parainfluenza virus 5 (SV5) Vhtlltnn 
N human parainfluenza virus-4a (HPIV-4a):fc5<};tftiuman parainfluenza virus-4 
b (HPIV-4b)-C$>*U2T121 N mumps virus (Mumps) "Cfc;h>f£T119 x Newcastle disea 
se virus <NDV)Tfc;WJS120#¥tf fc^S. SeV m&m<£>MMfcft%-fZ&m 
'&lt©tt'lSrt&lfcfc VXl&s human parainfluenza virus-1 (HPIV-1) X*htl\tMSZ 
x human parainfluenza virus-3 (HPIV-3) "CfctL*F187, phocine distemper vir 
us (PDV)*5,tU ; canine distemper virus (CDV)-C'fctU3Y17L dolphin molbilliv 
irus (DMV)"efettfiY172 N peste-des-petits-ruminants virus (PDPRk measles 
virus (MV)&<fctMnderpest virus (RPV)-efc^bCiY171, Hendra virus (Hendra) 
*5itWipah virus (Nipah) "Cfctl/ffY187 N ■. human parainfluenza virus-2 (HPIV- 
2)"T?fc*U2Y184 N simian parainfluenza virus 5 (SV5)-Cfo;fa{3F184 % human par 
ainf luenza virus-4a (HPIV-4a)*5 J; Inhuman parainfluenza virus~4b (HPIV-4b) 
-CfotU3:F188 N mumps virus (Mumps) -CfcH(^F186, Newcastle disease virus (N 
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♦ » 

$M£i£ fester 5: y m^<D'm&. m&r $ y Wtx&ti\*#m&T =■ y m 
^©g&, 2om<D?iB<DT 5 y mo^ft+Az «9^§v^^4^or ^;yi 

%tuz.mM£tit&\ m±.i*±i/¥4Vjfrxm&mz.3oftz> G69E, th6a 

v &£tfA183Sa>bft5l¥£^ 

3r£tf#0/-?7 5 * y £^*©M8SSf &JB^S- k&X% 5o - w-CG69E^f± 
N Mge®^)69#@©T^y^Gly^Glu^«$tlfc^ T116Ai:{;J: N Mg6SCtf> 
l^gOT^y^Thr^AlafCg^^ttfc^^ A183St»" M®6SC<D183#B tf> 
T^ymAla^Ser^mm^tbfc^^W^o -Tftfr^K !7^* 
SC<£G69, T116 x *5 < tml83*)6V^ttftk^!7^/^^M®fiKOtSlHltP^:5^^ ^tb^ 
ftGlu (Eh Ala (Ah *5j;tfSer (S) btfX*% Z> 0 ^ttbO^« 
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tfh— ^^bL-CV^^^^^>P253-505 (Morikawa, Y. et al. , Kitasa, 

to Arch. Exp. Med., 64; 15-30 (1991)) ©IfltfefEWtrfflV^ £V\, S 

eV Mp&«<&116#S<DThrfcM^ ^ c 
tiA^/^-^-f /V^©MS6ff011.^i pthr^OTT 5 /fife (#>R#Ala) fcff 

fltJh3'K^*lRfM--5i. 6 ' (WOOO/0970'0) . ■*3S1J§©'<**^14% *t> 

#*L<'j»6«©3-nWir^fc^*tTV^6. lffilM©0RF«:**US: 

<U *>av^^-f^«l (^^«eft«r=-Ki-«*^«) ***** 
-Ci, !>^^RNPSrS«fiW-S - i #T?* 5o *~^W1fJ&$^£ii£> Si- 
te, »*L<tt#i^^^«Sr&J?R** ; 5o jm<i>V 4 / *b 
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h LTT7 RNA^y mWmmWSU ,rtft#P^ 9-**»lfirt"e«a 

WiM V #if A A £ 3 - K $ *T*5 # , ' £ <D U 4^ A £ t) jEfcfcS' 0 ffl & 

ft5 <fc 5 - 5 (Hasan, . M. K. et al. , J. Gen. Virol. 78: 2813- 

2820, 1997, Kato, A. et al., 1997, EMBO J. 16: 578-587 RTf Yu, D. et al. 
, 1997, Genes Cells 2: 457-466) 0 

^Jxf«^^^7c^V^I^X.^^^RNP^s Hasan, M. K. et al. , J 
Gen. Virol. 78: 2813-2820, 1997, Kato, A. et al., 1997, EMBO J. 16: 57 
8-587 £.T>* Yu, D. et al. , 1997, Genes Cells 2: 457-466CDfE^#H-2pCT, 

Wft&ESftl-*. DNAWB*x 25ng/Mm±^^^m^«]^i^-^7 # 7^5 
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t^fO 2 ^ K (»* t < »GCQ*5 £tN£Cft WNotl BJRfflfcA 

■ ■ I ..." 

f&Mtfigcggccgc&ttJPU $ ^K ; e^3 , '(il^^-<-1h-@H^Ji: LT^#cD9^ , 
91- 6 ©f»**^fc»©M«rf«P U * bl-^3' ffllK3rS<&cI)NA 

err) %mvi u zm' mwotmffliM&gcggccgczmn u £ b m-t ©3* aik:*- 

*ft3K8tS:l9:tfi"S (V\b$5 (rule of six) J ; Kolakofski, D. e 

t al. , J. Virol. 72:891-899, 1998; Calain, P. and Roux, L., J. Virol. 67: 
4822-4830, 1993; Calain, P. and Roux, L. , J. Virol. 67: 4822-4830, 1993) 
. ^(D-fyA^— ^E-I-SIB^IJ *mui- 5 W& K fe, WAWtftOO*)) =fDNA(D3' 
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• * * i "■ - 

8) , mmon^mmm. mL<m ,J m-s\ Em\ommMm: 

^t<»5 , -TTTTTCTTACTACG(r-3 , (Wm% : 9) N £ frfcZOZ' flflfcim^cDNA • 

0 ' ' ' 1 * 1 

PCRte, Taq^y ^ 7— ^^^©f&^DNA^y P< 7 
ffiV>5C^^-e^§ o i|i|igLfc@l»Jt{mt^ ^7^? K^^ 

-pBluescriptcDNotl^l^At^o #fenfcPCRm^^^@B^JilrV--^^> 

ZX^^i'^^-tH)^^ 5 (Yu, D., et al. , Genes Cells 2 : 457-466, 1997; Ha 
san, M. K. et al. , J. Gen. Virol.' 78: 2813-2820, 1997) 0 NotlfjM 
^Sr^-t-S18bpO^-<-f— iB^J (5' - (G) -GGGCCGCAGATCTTCACG-3' ) (lfl^J# 
-!§-: 10) Sr. ^n-^^^^nfc-feV^^^/^y/^cDNA (pSeV(+)) .©U 

0 (antigenomic strand) & E§i» A»^7^ ^ KpSeVl 
8 + b(+)?T#S (Hasan, M. K. et al. , 1997, J. General Virology 78 : 2813-2820 

) c 

tettm&fc^mm^n-??*^ y±x^o 0 ^mmx\at^ mtf Quikchan 

ge™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, GA) ft2f£:flJjEL 
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?J ARNA&3- K-rSDNA^r, ±mo#J *X^&%^TXmfaftX«ifc^£ 

^<??-<Dff ; ARNA^=i-^§DNA©^ffll2:|i-r?)o. W^^RNA^^/^© 
AcEfNAfc t,©>)^W <Wm/&te<kft^&£*'Jffl b'C^T 5 - t ^T*t 5 (W 
097/16539; W097/16538; Durbin, A. P. et al. , 1997, Virology 235: 323-332; 

i 

Whelan, S. P. et aL, 1995, Proc. Natl. Acad. Sci. USA 92 : 8388-8392; Sc 
hnell. tM. J. et aL, 1994, EMBOJ. 13: 4195H203; Radecke, F. et al. , 199 
5, EMBOJ. 14: 5773-5784; Lawson, N. D. et aL, Proc. Natl. Acad. Sci. US 
A 92: 4477-4481; Garcin, D. et aL, 1995, EMBO J. 14: 6087-6094; Kato, A. 

et aL, 1996, Genes Cells l: 569-579; Baron, M. D. and Barrett, T. , 1997 
, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. M. , 1996, Proc. Na 
tl. Acad. Sci. USA 93: 15400-15404) 0 Ztlb<D%fefc £ «9 s ^7-f^7M 

£Vf A* N ±>?4 «7^;^^^^tfW^^RNA!7>f^*^tt!7^^^ 
^(ftft^Igte. ( a ) ±fB^°7 51 * y V fr^VJ -^RNA -4 ^RNA 
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DNA/5>b<£ft^y/ARNAOi|^^ - . 

tibz^m-rz^yxK wmAKZixmsi-Zo ztibo^^/^m^^ 

s ®g^©»^i9^§j:5^DNAM^i^5^, 

V) Z frKmU ^o^^tt©/>ftV^mWtt^^oDNA$r^tf^#:?r^S^ 

& N ®@I$<D$BM^ DNA^^iiij^ttbttSfc^^+^ft^^m^/V^fc 

(Di.tTfi, S*©f7^7x^Va V^^JfflT^So #iJxJ^ DOTMA ( 
Roche) , Superfect (QIAGEN #301305) N DOTAP, DOPE, DOSPER (Roche #1811169 
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tftS^V Wi- k'4##fi© DNA ^ A 5 - ^ ^ &ftTl (Graham, F. L. an 
d Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: '223) 0 Chen&«fctf0kayama& Vy y*? 7-&M<0%Mfc*& 
WU 1) y^^-^^ y^^ 2-4% C0 2 ? 35^, 15~ 

24^, 2) DM(M^iOW^^(D^tt^<, 3) &mM*<DWm& 
tf^O-ZOiig/mlOhZmWZ&mmbtlZtm^X^Z (Chen, C. and Oka, 
yama, H. , 1987, Mol. Cell. Biol. 7.: 2745) 0 d)0^f4. -iiftft h 7 ^ 
7^?*S3yKmVX^Z>o *< »DEAE-T :3 r^>7V (Sigma #D-9885 M.W. 5X 

io 5 ) nmzmw<»wm£&xmmu ^y^y^y^y^n^pm^p^ 

fe5fc^{C^nn^V^nx.5-^t)T*#S (Calos, E P., 1983, Proc. Natl. 
Acad. Sci. USA '80: 3015) 0 <3Wtttin&9tttmt*lZlj&Vs HUM 

Ai-(*s h7^7i^^3 ^iBaSaSffiLTV^o gHfifctt Superfect Transfec 
tion Ragent (QIAGEN, Cat No. 301305) , t.tc\t D0SPER Liposomal Transfecti 
on Reagent (Roche, Cat No. 1811169) j&SJBl^ii3#* KIWIS 

o 

24^b6^a^^ P 7^^5 , ^'7 0 ^ w - h*feJ±100nt^ MJ M^T% . 10% ? V 
|&jejfiL»(FCS)*5j:tJ^'»« (100 units/ml *s ]) yG$d <fc XflOO \x g/ml *h 



WO 03/093476 PCT/JP03/05528 

, 54 

■ ' 1 1 ■ 

t , 

£l5&100%n y7/^y m-t^ U . W&f* 1 n gM psoralen .(V7 

V>) #£T UV^^S^O^ST^^bTt, T7, RNA/tf !) ^y^^Mt 
5 S/=:T^>f^vTF7-3 (Fuerst, T. R. et al. , Proc. Natl. Acad. 
Sci. USA 83: 8122-8126,1986, Kato, A. et al. , Genes Cells 1: 569-579, 19 

96) &2 ?Fu/mm^mPk^^o y?\syo^&&£xmmM#ftk&im& 

V^V !7 W AsX<D# V ARNA&=»- F^SDHaSv !7 W ;V*RNP©.£jfciz:&£lft b 7 
y^m^^^^/V/^aeKe^Sm-t-S.^^tK (0.5~24/zg©pGEM-N, 0.2 
5~12*ig<0pGEIH\ &,fctf0.5~24/zgtf>pGEM-L) (Kato, A. et al., Genes Cells . 
l: 569-579, 1996) £#fcSuperfect (QIAGENtfc) SrfflV^y #7*^3 Vfe 

: 1:2 .fctSii^K, 7°7^^ K4tt, f!li*.tfl~4/i g^pGEM- 
N, 0.5~2/igOpGEM-P N ^J;m~4Mg^pGEM-I^T^^|i^56 

h7y^7x^V3y^ofcWl Ff^it)iooMg/«ni^^7r^tr^ 

(Sigma) Atf*yhW77^S/K (AraC) ; "± 90* b< tt40/xg/mlOi/ 
y/7 if 7 K (AraC) (Sigma) <Dfy*^& tomtt<pW3HrZ#m U 17 ^ f~ 

fc^©*3i*ft*rR3fei"5 (Kato, A. et all , 1996, Genes Cells .1: 569-579 

t* 0 09*.^ D0TMA (Roche) , Superfect (QIAGEN #301305) , D0TAP, DOPE, D 
0SPER (Roche #1811169) ftif feftSo *5/Ky-At*C©d»ftHr'Cfc«> 
^DD^y^iSwHtfS (Calos, M. P., 1983, Proc. Natl. Acad. S 
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ci. USA 80: 3015)^1 RNP^A^nfc«T'{*, mfrt><0*7 <<( ;VX%fc=f'<D& ' 

T-tSo ..... 

* t LXs<??-%mmirZ> - t ttre'^ft v\ *1ts RNP© h7^7x^i/ 3 y 

ft&m<o^??—%$jji'Xfo*b\'XM^&itft<D%fe%^^ 

?~zmMMmKmAi-z>^k&x% ztctb, mm±<Dmmz.¥fKmtix^z> 0 
^wo^f-z^^&^b vxm$i~fz>j3fev>i^fe, tmm&m*^ 
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56 . 

1 . .. , • 

1 ■ • 

SI^M^SC^- K1"34V ARNA£^£f S^/VX&^f «rlBt1"5*itefi\ (i 

i . 

(i) ^^^^ y ^-f /v^o^MM^e^fc:f4- : ena;l^#OM&W^^1'2> 

(ii) mm(omm±m\mm^tit^^^n^mm'^iM, 
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£fcttCre/loxP& ^©m^^t-i 6»3M«»*fc if Srfl!ffii~5i Cre/loxPl§3f 
KOflBSttt, ^^.tfx.Cre DNAU =>-^-^l-<t t)5t^mt) 
SrfNM8Sl**t5J:'5K:jRtl-§^^^5 KpCALNdlw (Arai, T. et al., J. V 
irology 72, 1998, plll5-112l) «^JBt&-fc#***- 

Lfc^rqKifls^^ii&JSiLWOPBs)^ ^i/yvG^fy^A'BOJmt/mi, 

.K/W>f 50Mg/ml ; Sr^JPU7tMEM-C37 < C. 5% (Xye*&£1-5. Cre DNAU 

K^Tn U flfcfr/l'V!>A$fc (mammalian transfect ion kit (Stratagene)) iCtO 
N ji^P^^n h=a— /V^o"CLLC-MK2j|Biia^at^-^A?r^T5o 

flfctf, lOcm^W b£fflV\ 40%=iV7/^Vb^-e^Wb7cLLC-MK2»(- 
lO/xg^M^m^^^^ K&SJP^ lQmKDIOK FBS^tfMHfl(Mfifc"Cx 37t©5 
%C0 2 ^y^a^<-^-«t , -C24H#M**i"*. 240#r^-»£te#U lOmlig 
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; • . . 

10cmi/-Y-W5tfc?rffiV> v 5ml l&J 2ml 2& N 0.2ml 2&fc3£.£, G4 
18 ' (GIBCO-BRL) £1200 n g/ml^tPl0mlO10%FBS^^tPMEMit^(CT^^a : V \ • 

1 • 't , ' 

^^tt'>^^^ : Sr^^^ ; S-^^"C*^^ (W003/025570) c F 
MHF-©**/?* 5 K*>2®£JUh b 7 v-3 yu FseSt^SH^ 

^ ^^/VJXAxCANCre^SbO^fe (Saito et al., Nucl. Aci 

ds Res. 23: 3816-3821 (1995) ; Arai, Let al. , J. Virol. 72, 1115-1121 (199 
8)) lC«t V . & b < \t moi=3 Sft-CflKte$*Tt? 9 o 
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*^©#ifefc.fc*tf£ ^fcW^lM/^IM^ 1 X 10 B CIU/mL^± 

* 0*L<« 1X10 6 Clij/BL£JLb,'.'j;9«F*U<r4 5X10 6 CIU/mLE*_h< 
L<« ixiO 7 CIU/mL^Ji, ' *9#*-L<tt 5X10 7 CIU/mL^±, it)ff4t<tt 

. ' * , • • ' • ■ 

1 X 10* CIU/mL^±, £ 9 0* U < » 5 X 10 8 Q±U/nL£Jt±©#fliT? «M /V*M£lffl 

'&XmfctiM<0&&fc&VW%fr&Z.-b&-<*%& (Kiyotani, K. et al. , Virolo 
gy 177(1), 65-74 (1990); W000/70070) . 

(a) J ARNA (^^x^^-e^^X^^T^J:V^ £ = K-T5DNA& 

, i^^/v^ofiM^^^iefi (i-fcfct>M\ P, L> M % 
F N ^iOTSeW) «T*ai"5iW*ClK***5Xa^ (b) Rfllfi^ 
(c,m^*tLfcMil^f^^i- < g ) » (M^/w?-*WJ!&) Sr*^i"5XS, ( 

c) ^*^b«ttttS#llrfS^1-2>Xa> (d) 
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1 . .., • . 

1 ' '• • 

-r&xa> (e) «jM±»3&^»>^^tt^^@tti"siav^tf* ■ 

i ■ 

(HA) £ i J: 9 * - 2> e HAtt fendo- . 

point «j |z:J:9jfc3fe1-SiLi:*"Ct6. 

' "i 

JMWtKlfix £1*LLC-MK2£flflS£ 5X10 6 ce'lls/disht?i00mmO^^— l/fc*< 

Wft,'y9^ (psoralen) (365nm) T?20^M WUfcT7i«J? P * 

7 -if ^]) ^y^-f"yY9^^=-7^^ /V* (PLWUV-VacT7 : Fuerst, T. 
R. et aL, Proc. Natl. Acad. Sci.' USA 83, 8122-8126, (1986)) SrMOI 2S*"C 

5:/9*Sh\ jSir^X^^^y^^©*^^ p > U' F,-"*5j;tJ5HNSe 
yyxv*? h-TZo ^7^^K©«fctt N .^J^ffJ(SK:'6|2:l:2:.2:2 fci" 

#-U> 40jig/mL£> Cytosine ^-D-arabinofuranoside (AraC : Sigma, St. Louis, 
MO) RrW.5|tg/mL©Ttypsin (Gibco-BRL, Rockville, MD) ^tpManr^l" 
§o 24l$IW*ftl i &x ms. SXlO^cells/dishhtc^O lOim^^WW^ir^M ( 
M^/WN°-iBJ}&) ^til, 40Mg/mL© AraC&lR 5jx g/mL©Trypsin^tfMEMt? 
JIK12 BK37 , C-^3l't"5 (P0) o wHbOSBI&SrEI'lXU ^Vy h^mL/dish 
'fcfc?>© Opti-MEMicil^i-So WMtlMltr3Hll9**.Ufc|ft^ 
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. ' • • i , 

©**M^/V>*HRllAfite Y*7l/X?x.p 9 Sa 40/zg/mL<D AraC, ^.tTJ^FMfi 

) . 3-1 4 HiiHEHJt^PHfl*^ ^c^ML^M^W^-^J^^^^ 
3 (P2) o 3~1 4 0«fc»fcfcfWb^bl^^-#BjafcS*«Kfe** 

7 BfliWI-S (P3) o r©"Jfc5l£lfW*3^±lfc'DSrr!i:fcj:9,-*lD' 
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^-t LTtt, ^7 5 * y $y(;VXpm£Mm&W%^tt 1 ?'(^*U*Xh<>X£ 

WRttfcvv, flfcrtt^ttPrt**^* <VSV) OG® 6St (VSV-G) sfctfttlffii 
fcttfcVV 

^y^Y'^m^mm^ir^^ym^^^^h<oxh^xh^\ z. 
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; 63, . , 

r • • • • , ' ■ 

fl^f £>ft6 (W001/20989) o • 
ftHf^uha-^III, ^fflitoi*j', fl^tt *E» pp. 153-172) , Jl 
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v h=r-7Vj , ^S?*/Hfa-Jt pp. 68-73 (1995)) . 

i ■ ■ . 

*<t»ic***i;*£*eit (mb^^yr-^^ji bT^^seirtti^<) 

94 KflBII«^V*:^V^S^«fe (#<kBg62-30752-^&&> 4#2rHg62- 
33879#&$jL feit«^BB62-30753-^#) \ ' &£Tfi7=*~xmk$G&&&& 

(W097/32010) ^«r^1"S t 5 

» 

o 
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r** mm. m<owm. tt«k aftifc «*a«u 
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10 u CIU/pU ifc *) b < CIU/ml^ b$U0 9 CIU/mi; dfcfeff * U < tt»l X ' 

io 8 ciu/mi^b^5x io 8 cimi<Dm®ft<n&%M¥±^^ifeft&fc*x&M--rz> 
2xio 5 ciu~ 2xio 10 cimwt. t < x &#hi$:e\ 1 i§i*fc«:HHfc± 

$>5 0 fc r^fctt^fc-PVvCfc* «;M*itt<*>**fc k h£Q#mJfcf:fcfc:$! 
73>K ty'^x ^^'V^*^T©iWJll*^*^6. 

. ' * , - ■ • 

A^E-V, ^fll^tf btb-5o *^PJO-<^^-{i N &^<DW& (in vivo) 
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! ► 

toj&&*fc£M*SW» (ex vivo) S!^fcJ:5*K:Sf#i-5J:fc^i?#S. 

¥) ^rffetts.^u^u'RftsSfc^vvrfcioip, upa, tPAft^o^ny- 
r—tf©^©^ ^ © t & s #\ xr-if m^(D%mo^m\z. £oxm 

©III, iv$©j§*t^ 

! 

i 

t 

|3li, SeV18+/ A F-GFP^ V ^ ttSeVl8+/MtsHMts A F-GFP& , FW Sri^E3S^"t" 
SfflUft (LLC-MK2/F7/A) lOffifeU ^tb W2°CS.^37 < Ct? 6 B |BJi^«©GFP|8 

04tf\ SeV-FSeS:^KI8mi-S3SBll& (LLC-MK2/F7/ A) fcol^ 32*^8: 
37 < CT*trypsinS.tJ ? Jk^Sr'a * ft V NMEMt?^ bj&B#tfJfcFg & ©3§m*£Western- 

B 5 &x LLC-MK2»^SeV18+GFP, SeV18+/ A F-GFPi&V ^iSeV18+/MtsHNts A F-G 
FP£m.o.i. 3T«feb32°C, 37^^VNtt38^^*U 3 0«©GFP|SmSr^i-®* 

H16«. LLC-MK2«{eiSeV18+GFP, SeV18+/ A F^FPlfeV ^{3:SeV18+/MtsHNts A F-G 



WO 03/093476 ' FC1/JF03/U5528 

' 68 
FP£m.o.i..3Tii?&L32°C, 37 0 C^V>ft38 0 CT^b^B#6tt^V^y m# 

o i 

H 7 LLC-MK2^fla(J:SeV18+G?P, SeV18+/ A.F^GFP^V ^*SeV18+/MtsHNts A F-G 

FP*i^i.a^ji»u-37t;Tiw 1 lane 

n-biott ingle i ^ki^^^'f^^m>-7 i ^ ^ (vlp) mmmtw 

|H 8 "ttv LLCrMK2^J3&^SeV18+SEAP/ AF-GFP^VMiSeV18+SEAP/MtsHNts A P7GFP 

£m.o.i.3T«fcU ««12, 18, 24, ^..12M»Bill!:^>y>:^b*;««± 
, • • • '1 

.'»Srfflv^aa^b^:SEAPflH4Sr*i-0"Cfe5,o . 

0 9 ft, LLC-lto^J^(e:SeV18+SEAP/ AF^FP^WiSeV18+SFJtf/MtsHNts AF-GFP 
.feto.i. , 3t?«fcU ««24» 50, l20lWllfc1h^yv^UfcJM±*©HA» 

01OI4, LLC-MK2|fflJ® f 3lSeV18+SEAP/ A F-GFP^V ^3:SeV18+SEAP/MtsHNt s A F-GF 

>*&I§W&U 1 lane^D6well plate^lwell^•Ol/10tB^*^^V^T, JfiM 
fct^^fljffl LfcWestern-blottingH: £ 9 Jfcfcfc * W /^Afc*— T ^ * /Vg&^-f 

0 1 1 LLC-MK2, BEAS-2Bj&V^CV-1«(£ SeV18+ / AF-GFPlfeV > >J3:SeV18+/ 
MtsHNts AF-GFP^rm. o. i. 0.01, 0.03, 0.1, 0.3, 1, 3, • MraR&U JfiLflfSrS* 

10% FBS&^tr#*&©'^f*«&6 ^fiS^fcSjcffl^^fcLDHft^b 
J«ofc»|&|»»tt^-^H'C*><5« nC*lS«©lWll«:*B«Mt^I (Triton) 
£rfflWC100% lysis U^:l*©|ISrl00%t UfctBM^S^bfco 
il2tt, LLC-MK2^i^^SeV18+GFP, SeV18+/ A F-GFP^V ^ };J:SeV18+/MtsHNt s A 
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F-GFP*a..o. i. 32°C,. ZlV&^m&CX'tmU §|2Pl« 

01 3W\ A-10»^SeV18+S^/AF^FP^VN^SeV18+SEAP/MtsHNtsAF-GFP^ 
m.o.i. 1 '"TUttU 32 £ C^V^37°CT^b v ; ltomM^il H*fc 

Hll 4tt % A-10»^SeV18+SEAP/AF-GFP^V;«SeV18+SEAP/MtsHNtsAF-GFP$r 
,m.o.i. 1 t«U 3Zt^ri37STfl«W 10%lk*^tr««T««2B«fc 

•f fe 5 o A-lOlfflBS \Z. SeV18+SEAP/MtsHNts A F-GFP £rm. o. i. 1 X$k$k U ttt 
^^/hW^fi^^^feS 3 ^ ^^ (colchicine) ^Wi^/Hr^ K (col 
cemide) ; - fi Mfcfc 3*5 fc^IP U 3ZTCT?«|i Lfc 0 10%iM*6WM 

-f-^tffc 5 0 A-10«(CSeV18+/ A F-GFPi&V MiSeV18+/MtsHNts A F-GFP ^rm. o. i. 
1 T'lg^U WkKWA^<DmM^MXhh colchicines^ 1/*M fcfc 
S<fc5t-»bx 32°CsfeV^7t:T*it*L7to 10%liL*«rfttf«*-C«» 
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i . 

m 1 8 its F&mmk%Msevtf; acpna©^^ a st^bt?*) So 

0 2 0 f*< "hygrbmyciniiB^^ Wi-SIBft^f 5 ,K©*&**7, 

02 1^ ^ p~~V^UcM (^TOvMe^rfl^mi-SMtoV^; Cre 
DNAU pVtf^— -^^mi' i 5a^l^77 ? /^'r/Vi^ (AcCANCre) W 
estern-blottingte J: 5M£tf F® 6 (0¥£fcWft3B*&tfc*r^WC*> 

02 2'& s<JW<-mfo (LLC-MK2/F7/M) * t?-^#18S.tWt62^V^cM^^ 
SeV (SeV18+/ A M-GFP) tf> £ -Y /V* Sil.^t^t' & § 0 

02 3« v SeV18+/AM-K}FP<D^/V*£m& (CIU £ HAU£>^B#^b) Sr^HIU 

0 2 4 tt % SeV18+/ AM-GFPtf> If P <ftit^*^l^&^RT-PCR<D|£m 

02 5tt s - SeV18VAM^FP^!>^/^^^Mfi^^b5t^i' ; 5^>^ LL 
C-ffilfflHSCiM^ilM^IJii^O * << fcoV^Western-blotti 
ngSrfTlV SeV18+GFPS.tJ ? SeV18+/AF-GFPtO]t^^:tr^i"^T'fc5o 

02 6f3\ SeVlSVAM^FP^t^SeVlSVAF-GFP^LLC-M^lffll&^ift^^^ 
^ ;V X*5itgfi(Z)^ftJt^ (^^J^^b-CWestem-blotting) fc^f* 
T*£>5o #CSeV#L#: (DN-1) £$V^c„ 

02 7 H\ SeV18+/ A M-GFP^V ^iSeV18+/ A F^FP£llC-MK2(£m. o. i. 3Tii^ L 

0 2 8 SeV18+/ A M-GFP^V ^iSeV18+/ A F-GFP3:LLC-MK2 o. i. 3T*^ L 
N «5 0t^f^»itl:^t?«-Cfe5. 
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02 9 & N SeV18*/ A M-GFPi&l M3SeV18+/ A F-GFP£LLC-MK2fcm. o. i. 3"C^^ L 
, Wk5. B'&K®fcVtd&m±M\Z-OV^X, tVtfy— & (Dosper) 

0 3 0&v Wf2<D|SS«& (F^e«OMmbto /DTK / mSB^JO^if <f 
y^-r0T*ib5o l£«T^mU•CV^57 p ^xT— € (MMPj&VteuPA) <Df& , 
liiB^J^^^OSB^J^Tn^if-fVLfCo' ±55^Jlifc@B^J## : 40-44 

0 3 2 ft; F^M^M-fe^y-f »M «fc5:/n^T-;£###J 

IJLC-MK2&JBVvts F©^^«toT^OT p oxT--^#^iC«|!!«^M^ 
^J&fcbTl^5d>£^&fc 0 SeV/ AM-GFP (A, B, C, J, K, L) , SeV/F(MMP#2) 
AM-GFP (D, E, F, M, N, 0) v SeV/F(uPA) AM-GFP (G, H, I, P, 0, R) <D«fc 
^MOSeV^IIBJ^l^^^^i:, Wtfftfc 0. 1/zg/ml' collagenase (Clostridium) (B 
, E, H) , MMP2 (C, F, I) , MMP9 (J, M, P) ", uPA (K, N, Q) , 7.5/zg/ml Try 
psin (L, Q, R) ZMZ-tCo m^»T^Lfc 0 Ffc^l/TV^^Se 

V/AM-GFPtt, trypsin^PxfcLLC-MK2-CW, ^LfcMOjS 9 &ffl!fcbMfa 
m&Z&Z. U MM^^^b^ #»Ife-C*fe5synthitiuni^^Lfc 

(L) 0 MMP ;£$@H^&FK:a^ collagenase, MMP 

2, MMP9 *1]\\7LtcLLC-M2X\ mfeB^mmm^btl. 5 synthiti 

um£r^J$Lfc (E, F, M) 0 — urokinase-type plasminogen activator (uPA 
) , tissue-type PA (tPA) ^?gB^J^F^^:m^52 i ^/^:SeV/F(uPA) AM-GFPTi3\ tr 
ypsin-eiBM^M^^ htl. £ h Lfc £ t £ o TuPAT^^Jia-e 
fc5synthitium£?l£j&Lfc (Q, R) 0 
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MMP^m^lffl^-C:$>6HT1080 (A, D, G) , tPAf§mtrefc£MKN28 (B, E, H) 

, ^^^o^Dxr-^^igmbTv^v^jia^sweao (C, F, I) SrEWT. ft 

tc 0 HT1080TiiSeV/F(MMP#2) AM-GFP^10^^±^^^^^>5^oTV^X (D 
) % tPA^mftMKN28-Ci*SeV/F(uPA) AM-GFPO^-^|aJ^ib^^(DT>5^ 19 
bHS (H) o ^^fc©^n^r^©»^%*V^W620-t?r*^<.J«lte«>t>6#9 •. 

H3 4B, Phorbol Ester^^SMMm^^F^M^^-fe^^ V<(As*<<* 

' MMP2, 90^m^gelatin^^&^fo5g|J^se<Salt5gelatin zymography 
tfefcio-CfltlRU*: (A) o V-VCtfSfcj-ff (control) , .T#20 nM PMAlCfcoT^ 
^£ftfc±^£JB^fc HT1080£Panc iTW90/^^ Ka s 5tp£*K MMP 

9tmM£tiX^Z>Z.bfcfrfr?> 0 MMP2&, Pane I "C^H&fc^Sl (latent) CM 

5fcl N SeV/F(MMP#2) AM-GFPte, MMP9^^ioT«^M^^^b^6- 
03 5tt, in vivo^S3»t5F^3^^*^^^^^^^^^9^»^ 

HT1080©fea* — K^?*£fERbfco &T(-£t^ 7~9B&fcH^£#3 mm 
fcttfcfcWfcJ&VVfc. SOjBlOSeVfcllfcW&ALfc. 2 0^, 
" Tm^bfCo A, D, G, JtfWMK B, E, H, M^tlKttmi-Z>GF?<Dlkyt&, C, 
F, I, Ltt*©*fcfeifcT?*)*. SeV-GFP, SeV/ AM^FP&&AUL£fc> 9 
#S^b;ftSw£«irC*#£ (^/VE, H) e >tH-MbTSeV/F(MMP#2) AM-GF 
PX-\Z^mz.JZfrZ>^ ktmmiStltc WK) 0 ifcfcLfcfc©-eW\ SeV-GF 
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' • . . ' ' • 
P, SeV/AMP^telolO(D^^^$tt§^^LXs SeV/F(MMP#2) A ■ 

i 

imaged 4 t^a>b^£UfCo 0^1" <t 5 ^SeV-GFP^lO%, SeV/ 

mOSemm^Utc. IM&AU .*^#*«t«^^.PB5, SeV-GFP 

, SeV/ ATOPfifc&fcitf < fcioR&i^ 0 3 '6 T*^ Lfcfc 5 
mjES#o"CV^SeV/F(MMP#2) AM-GFP*^Ufc*riM.b*^v^*i*^*-V^* 

0 

■ t ' . 

MMP^m^HTlOSO, tPA|§3M*MKN28, zf&T'T' — ^^r{5i: /uif^^L-TV^^V^SW 

62o-c\ ^vTT-^mmzkzmfcmmm^mfrt^frn^tco s e v/F(MMP#2) 

AM^FPfiMMP^^HTlOSO^^d^bttS^, tPA^^MKN28"Ct4 v ^d^ 
fcftftV\, SeY/F(uPA)AM-GFP^ tPA»fMSa«N281?W^^e>*t6#s MMPfS 

^Warrioso-eriiSlfe^* btufcv \ 

03 9tt % F^BB^F 3fc^0v:^SeV-<^^-Ofibroblast te:«i;SMMP3, KDWI 

Sf480*5 itWTiDrSrfto Tin vitro"Of ibroblastfc «fc ^MMP^^T'F^^M^^ 
'S!SeV-<^^— ©rtSte^aE'fb-t-S**^ ?3&*<fco SW480, WiDr t % fchuman f ibro 
blast (hFB) Srco-culture-T SCiHiot, SeV/F(MMP#2) Att-GFP '*Sjffifei"5 
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£?\Zti:o1t (B, D) o ft^(D^b^V^SW620T*t4^/Om^tt^b^V>.(F) 

i 

Jfefcjj*-*- W-Cfc^o SeV/ AUHJFP-emrypsin^inx.^- £ iaot<O^M s 
ftSf-f StfM^l-"'^ SeV/F(MMP#2) AM-GFP-C(^c611agenase, MMP2, MMP3, 

04 lte N F«A0^MSeV ^ ^-(O^o^T-^^FOH^^^i-^X 

^ a ^ If ^#^J^-fe- !M A"* OFO^ bFl^OP^^ ? i * ^ — 
nyf^^aotMlfc, ^ 1, 4, 7, 10 .tfSF£&^LTV>fcVNM*3: 
MSeV >***~\ \s~> 2, 5, 8, ll^F(CMMP#2iB^J?:#AL7tM^^SeV 

3> 6) 9> mmcvpmm^nxvtzM^msev ^^-£±15© 

-fvTT—H (M®M, W-V 1, 2, 3; 0.1 ng/ml MMP9, l^V 4, 5, 6; 0.1 
ng/ml uPA, l^-V. 7, 8, 9; 7.5/xg/ml trypsin, V 10, 11, 12) ^ZTC 
,. 30^f«atfc o W^H, trypsin^F^«bTV^^V^M^^MSeV 
£ % MMP9^FlJl«2^y^^ALfcM^^MSeV^^^--^s uPA^F^uPAia^'J^^ 
AUfcM^MSeV ^-^^€tL#Abfc7 P n7 : -T--^S««oT > . Fl- 

HI 4 2f$* F(D|tDJ9&@ K^^T ^^C^c^^^ (cytoplasmic domain deletion muta 

nt) (D^bmt(Dm^m^^^^^^^^^- 

^@H^J#^- : 7 6~7 9. 

B; F(D^IJ&KhV^^^^^#^^HNa:0|ll^^«t5E^^itl^o 7 
. 5 g/ml trypsin^PLLCMK2^llS^ «© WPJifccy 

toplasmic domain deletion mutant £ HN& |BII*58ab*:*x 40f, hematoxylin 
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|14 3{i,.F/HN4^7*y^» 

A: F/HN=3f- 1 7 # y/^flHtBI. mtpOV ^^-E^Jf*Sa^J## : 8 0 t VtZo 
B: F/HN ^^7>V^^»Linker^A^<toxiSl^^±#1-?>o 7.5Mg/ml t 

A: MMPS®iB^J^XUfcF^F/HN^^7^WN 0 ^(D«^IIlo Jb&>fe«fcite« 

: 8 1~8 9„ • 
B; MMP^EifflJ^HT1080^OFQJf^F/HN^^m^ <t 5 v' * 

|4 5 W\ F^T^ K (Fusion peptide) ft& £ i^#c#lft WS'f- £ 

A: Fusion peptide&^Ufg&Ilo ±/6>bJlK^SB?'J## : 90-9 3„ 

B: MMP#2* #6, #6G12AOcollagenase(Clastridium)^D^^^a:6M^tlo 

HI 4 6 lt> ^MF^«*ItV^ tj7^)^(D^V A#3t^^-rnxfe^> 

0 

HI 4 7 £ x M^^m4^^V^^*5V^-CO^^MF^^M^^-lry^ lM ^ 

$c<£>Jh?fr<DGelatin zymography£:7Fi~c 

H4 9 {4, Mllff^mSO^V^^(C^V^TO^^MF^M^M^y^^^^ 

^•To TAMJ &SeV18+/AM-GFP, T#2J f4SeV18+/F(MMP#2) AM-GFP, r#6j ftSe 
V/F(MMP#6) AMrGFP, T#6ctl4j &SeV(TDK)/Fctl4(MMP#6) AM-GFP, fF/HN^ 7 
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j »SeV(TDK)/Fctl4(MMP#6)/Linker/HNAM-GFP^-r 0 • 

i ( 

©cDNAm^©**-^^ 1 l-^l-fco Fk^{±KEW?m.fc*Z&m\'tek& 
Wt's#4 *}4fl''*£&fJ ^cDNA (pSeV18+/AF-GFP : Li, H.-0. et al., J. V 
irology 74, 6564-6569 (2000) , WOOO/70070) £NaeIT«b U mfctt^tM 
> (4922bp) ^T^n-^mM^»lT^s aSH"*/^ <9 ttl U QIAEXII 
Gel Extraction System (QIAGEN, . Bothell, WA) -T?[h]H51U pBluescript II (St 
ratagene, La Jolla, CA) (DEcoRVlM YXtfrft P-^V^Lfc (pBlueNaelfr 
g-AFGFP<D#^) o ifif^^^OiaS^^^A^-^pBlueNaelfrg-AFGFP 
JiXs QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA 

) ^jfflLTKit^iBteo^^o-c^ofc ■ m&*^(om&mA<DWMm 

ondok^^UTV^CLlSl strain (Kondo, T. et al., J. Biol. Chero. 268: 
21924-21930 (1993) ) <ft@E?IJ£fUffl U G69E, TlloA&tf A183SO 3 ^0T<£^g 
AZffitCo ^M^MZ.&.mi,tc&1&*V ^(DUMt, G69E (5' -gaaacaaacaacca 
atctagagagcgtatctgacttgac-3ViE?IJ#-i§- : 1 1, 5' -gtcaagtcagatacgctctctaga 
ttggttgtttgtttc-3' /mm^ : 1 2) x T116A (5' -attacggtgaggagggctgttcgag 
caggag-3' : 13, 5' -ctcctgctcgaacagccctcctcaccgtaat-3' /IE?!l# 
# : 1 4) RTf A183S (5' -ggggcaatcaccatatccaagatcccaaagacc-3' /BE^Jfi^ : 
15, 5* -ggtctttgggatcttggatatggtgattgcccc-3' /IB?!l#-§- : 16) Xh%> 0 
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Mjt^f- ±.K 3 t^^^^*t"^PBlueNaeIfrg- AFGFP%SalI-C^MAFiaLI-e ' 
nW%fc%'ff ] <\ ^Mat^Sr^tf??^ > h (2644bp) SrtHHiZbfCo -#T*pS 
eV18+/AF-GFP^XpaLI/NheIT*^^LTHNjt^^^^tfif>ft (6287bp) SrHUfcU 
^<D2®0^fJt^Litmus38 (New England Biolabs, Beverly, MA) (DSall/Nhellh 
4 Mti^^*—— V^bfc (Litmu'sSalI/NheIfrg-MtsAFGFP(D^) 0 HNitfc 
^<D^^^tt^^A»-^LitmusSalI/NheIfrg-Mts AFGFP_h,-C\ MStfc^ , 
(D&jgMA&t l^fcQuikChange™ Site-Directed Mutagenesis Kit&^Jffl bTKi 
tK^MO^m^o X'tfo tc a M^_t-©^#AO^«Thompson b tm 
£bTl\5ts271 strain (Thompson, S.E). et al., Virology 160: 1-8 (198,7)) 
©IB^J^UJBU A262T, G264R^t) ? K461G(D.3^m^WA^ ; fTo7?:o I^IA 
Ktii%Ltc&$jrV =?^>@H^Jf*s A262T/G264R (5' -catgctctgtggtgacaacccggacta 
ggggttatca-3' /IB^J#-§- : 1 7 , 5' -tgataacccctagtccgggttgtcaccacagagcatg-3 
'/@B^J## : 18) N RX$ K461G (5' -cttgtctagaccaggaaatgaagagtgcaattggtac 
aata-3' /IH^^-^- : 19, 5' -tattgtaccaattgcactcttcatttcctggtctagacaag-3' 
/@B^J#-^: 2.0) -C&So ^lEltt^V^Blrt^^asa^ASrM*©^^^ 
-±-??Tofc#\ pSeV18VAF-GFP^SalI/NheI^^^U#b^5M5.miNA^$r 
-^tf^y^Wh (8931bp) £:Litmus38<DSalI/NheIlM Md-fr^n — ^V^b 
T^bHS^^^^ K (LitmusSall/Nhelfrg-AFGFP) SrflJffl bt, M&t>HN3tfc 

, m»^±(- 3 ^m, hnm^±i- 3 ®mv>^ 6 «9f (D^m^^mmA b 

7c (LitmusSall/Nhelfrg-MtsHNtsAFGFP©^) 0 

LitmusSall/Nhelfrg-MtsHNts AFGFPSrSall/Nhel-e^-fb bTHUfcbfc? 7 ^ ^ 
h (8931bp) t\ ^fcpSeV18VAF-GFP^SalI/NheIT^mbbX[i]JtZbfcM^HN^ 
m^^t. V > b (8294bp) &7 'f^aV bT N MROTtit^ 
{C6|i0fom^^^m^^b, F^gPj4^EGFP3tfe^^brcF^^M^ 
l/f^t-i ^±M^f/ AcDNA (pSeV18+/MtsHNts A F-GFP) £41111 bfc (El 2 ) 
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^k. mmmm^m^to^m^no^ ftimr^vK^r (s- 

1~;\^&Un-T%1fe*s^fr^1r%^m?\ (W000/70070) SrNotrCijO «9 ft b 
(1638bp) , m^Mb^S^-M^U pSeVl§+/AF-GFPWpSeV1.8+/MtsHNtsA 
F-GFPtf>NotIlM >fc*&fc&A/£o Ztl^tl. pSeV18+SEAP/AF-GFP&tfpSeV18+SE 
AP/MtsHNtsAF-GFP^Lfc (IS 2) ' .' 

tj7^/P^^^«Lib^>^ (Li, H.-0. et al., J. Virology 74. 6564-65 
69 (2000), WOOO/70070) {C^oTfrofco F^^S W ;^§:Si^$t5fcfe 

m^^^m-t-^id^ti-^^y^^^ KpCALNdLw (Arai, T. et al., J. 

Virol. 72: 1115-1121 (1988)) Ufck£>T*fc <9 , IH^^ ^ K<? b 7 ^ 

^ 7 ^ y ^ ( -Cre DNA V a ^ fc^-^^Mt^^iTT/ * < A'* (Ax 
CANCre) %Saiiob<D%Wi (Saito, I. et al., Nucl. Acid Res. 23, 3816-3821 

(1995),. Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) T**Bfe3.*.T# 

X h«£LLC-MK2/F7 fctBftU AxCANCreT^#FSS^^^b"CV^^)IS 
^LLC-MK2/F7/A^fB^1-5 lH-fS. 

i^^tt^^A^^^OS^fiOT^-t 5 Klffofc. LLC-MK25M& 5 
X 10 6 cells/dishT'100nun©^-V-l/^»# % 24P#R|J§*3K (psoralen 
) (365nm) T'20#P«S LfcTTs}? V * y— * V 

tyM7^^7^^f;^ (PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. A 
cad. Sci. USA 83, 8122-8126 (1986))' 1 B#WJ£&£*fc (m.o.i.2) .- 
'»Jfi*Jiil»^**V^BltT?ft»bfcft, ^"7^^ KpSeV18+/MtsHNtsAF-GFP, pG 
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EM/NP, pGEM/P, pGEM/L&WEM/F-HN (Kato, A.' et al. , Genes Cells 1,, 569-5 
79' (1996)) ■k^fl^finug, 4jzg, 2^g, 4/x gStM/i g/dishOftifcTOpti-ME . 
M (Gibco-BRL, Rockville, MD) }di*©U lju g pM/5;uL$B^<DSuperFect tran 
sfection reagent (Qiagen, Bothell, WA) £A*l/C$l£'U %MXl5ftfflikU& 
N .&*IBjfc:3K FBS^tfOpti-MEM 3mUcA*K ;»(-^Pbr^b^i„ 5R#H!M 
^&iL?jt£^ £ * V^MEMT* 2 IHEfeif U 40 /i g/mL<D Cytosine 0 -D-arabinofuranO 
side (AraC : Sigma, St. Louis, MO) RW. 5 m g/mLOTryps in (Gibco-BRL, Rock 
ville, MD) . ^tfHOrcJML*:. 24l*DMfllfc; ,8. 5X10 6 cells/dishfcfct) 
l£FM£^i!«5H~ ; 5» (LLC-MK2/F7/A : Li, H. -0. et al., J. Virology 74 
. 6564-6569 (2000), WOOO/70070) ££Jf U> 40/ig/mL£> AraC&W. 5 g/mL£>T 
rypsin^tHBTTfJEfc 2 PWarCT&ll Lfc (PO) „ rft&©ttJ&Sr0lfcW ^ 
V y b &2mL/dishfcfc t> Opti-MEMM® L fc 0 3 tU^ <9 M X^tzM. 

\ 7^if-b^^(0**LLC-MK2/F7/A^b7V^7^^i/3 ^U 40/zg/mLO Ar 
aCRT*7. 5 u g/InL^Trypsin^^Jk^^^^V^MEM?:fflV^32 < CT^ bfc (PI) 
o 5~7 0#it«±^-|fl5SrtO; ^fc^WLfcLLC-MK2/F7/Afc^$^ 
R40m g/mLtf> AraC&OT. 5 g/mL©Trypsin^^•^-Jk?S^^^^V^MEM?^ffiV^32 c C 
-C^Lfc (P2) o 3~5 0#(Cffrt}C|iMbmc-MK2/F7/A^^^^^ 7 
.5/zg/mL<DTrypsin©^£^^ 
fc. (P3) o |§]JfcL;/fc^±mK:Jl» 

:O^T«iSLfel-^^SiO^ ^-}iSeV18+/AF-GFP, SeV18+/MtsH 
NtsAF-GFP, SeV18+SEAP/AF-GFP^t^SeV18+SEAP/MtsHNtsAF-GFPT*-?:n^tt, 3 
X 10 8 , 7 X 10 7 , 1. 8 X 10 8 R.m. 9 X 10 7 GFP-CIU/mL (GFP-CIU(D^(4WO00/70070 

LT^A bfcCIU^GFP-CIU^ $ HS. GFP-CIUtt, ClUt ^«#J 

fc|i3Cffi£^1-;L£;»^&;ftTi^ (wooo/70070) . ^ftb©*^ ^-SrSlje 
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SeV18V A 1 F-GFP&t^SeV18+/MtsHNts A F-GFPfcOV ^ x Fg 6 £#818831' 

•ramus (llc-mk2/ft/a) »a«3feift©-^9-^©k*D £32 , c;&tf37 < c-cmMSL 

fc 0 1^6 Bflk>W&03tC^'bfc# N SeV18VMtsHNts AF-GFPte32^C-CJ:£fc£ 
[H«J3] ^-f/u^S»^R:j3'»tS##a« (32*C) 

fc!>HVV;*;aS32 0 CT*©£WaS^ (Kondo, T. et al.„ J. Biol. ChenL 268: 219 
24-21930 (1993), Thompson, S.D. etaL, Virology 160: 1-8 (1987)) Zbfr 

±# u &*mmfr<> ittovt ninrc t s * 5 £ & a waitt^ 

32 < CT*!>^/^ft«^^_h^i-5aSi : UT2^#^^^ao £1\ 
S^T,? ^ A* ©iiffi&art&l-r S^icSfebn LT^SAraClC «t amil&Stt^ 32<C 

0/i g/mL£> hraCRTN. 5 /z g/mLOTrypsin&^lMSr^l: fcl MUEM£r$i V ^"CLLC-MK 
2/F7/A£J8£Lfc$t£v 37°CTi43-40mT'|!E(c:«|$^^g$^fiJ^tLfc:« 
tf$if ;IT< 5©fc»U 32°Ct?^tfc^tt7-lO0«+^{^*|ii^^-5rtlT' 
fc9mftjWW**iTV*S 0 £9tttta¥®&< ftv^v^rigStettlf M 

^SeV*?|*jfc-rS$&£\ 4^immfln»:¥l«^O^R:i»^$ 
tlS^t^So 2 £ g {i32 0 C-Cit^ Ufc*^ICttLLC-yK2/F7/At!:*5 5FS 6 

(D^m^^^n-cvN^^-efeSo FMe^^nm-ramns (llc-mk2/f7/a) £ 

/5/i g/mL(DTrypsin^^^Jk^t^^*5fcV^MEM{Cg^b32 0 C^V^fi37 ^ CT'^ U 
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) '^J^UfcWestern-blotting^pC:^X% mmftfDFW&gZ^feA&ifcimr - 

(Pl«) O^tt^5t#^.tt7t 0 . . 

ilBWestern-blottingttOT^^-C^TofCo 6 wellTV- h^lwell^bHUDl 

d Loading Buffer Pack; New England Biolabs, Beverly; MA) 100 m L"C$^ U 

aiichi Pure Chemicals Co. , Ltd, Tokyo, Japan) fcB'-Klfc, 15mMT?2. 5B#^ 
£k®J#s PVDFj^ (Immobilon PVDF transfer membrane; Millipore, Bedford, MA 
') fcWs K7^^^T100mAT*l ^^b7to Is^Sr^n y drV^^ (Bloc 
k Ace ; Snow Brand Milk Products Co. , Ltd, Sapporo, Japan) ^4tJ i H#MELh 
JHtLfcSK 10% Block Ace%^^^^^l/i000^*»L7c:--^W^t- 
ftU 4*0^— Sfe^bfCo 0. 05% Tween20£r£tfTBS (TBST) T*3HK H^TBST^ 
HI&#Lfc#, 10% Block Ace^^HRP^^bfc^!>^IgG+IgM^:^ (Goat F 
(ab')2 Anti-Mouse IgG+IgM, HRP; BioSource Int. , Camarillo, CA) &1/50003? 

tmw Ltcr.fr.$iVtmm^9: u m.^x 1 mmm. ufc 0 tbstt? 3 eu tbs-^sihi 

gfe^bfc^x ik^Z&ytfe (ECL western blotting detection reagents; Amersham 
pharmacia biotech, Uppsala, Sweden) \C <fc ^tijLfco 

mmm 4 ] m.gmgfe&g^ a ? v> 2 »ytjm^^* (ha assay, w es 

tern-Blotting) 

SeV18+/ A F-GFP, SeV18+/MtsHNts A F-GFP£ M^, &X<D $ 4 Sr^S 

i ^^MT*Noti^(cGFPjt^ t %oTmzn±i/?i-/i~fr&mi\-m]fe :f sy 

^-/V^-TSGFP^ (780bp) &&*SLfcSeV (SeV18+GFP : m 2 ) ZR^X&M 
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6 well platefcd^ 3X10? CIU * 

/mL^.^^/V^^^lwellfe/c^lOO/xL^^PbT (m.o.i.3) lB^PMIfeU 
MEM-egfefr^ l^ellfcfc9lraL<DjfiLm^*^V^MEM^^PtT32 < C, 37^^38 

< co#i&ir^ufe 0 lBUfcfy^y y#h< f^y y^iec^jkM^ 

0 C^^38 , ti)^•CO^#}C^V^•C^ {^Haib^b, ^fcffl^LfcGFPO^m 
^fcSifg^ixt (1215) o 

2»tti^{i#JfiL^A^tt (HA»)4) -C^ftt, KatobO^ (Katb, A. 
et al. , Genes Cell 1, 569-579 (1996)) fct^T^ofco 1P*k %&<D96lZZf 
V— h£&EU ^>/V^^^^^(CPBST*^ Unwell 50 /z L02f£fc$^iJ 

Tokyo, 'Japan) 50;zL£^U AVX^mmikUV^iiaM^mM^m^V. MM 

e tits lHAUSrlxiO 6 ^^^m-e^tfc (0 6.) „ SeVl 

8+/MtsHNts A F-GFPT 2 3taBcffl*k?tf * 5 ^ U 37*CT*SeV18+/ A F-GFP£>$Jl/ 
10fc^'>LTV^H9Jifr£;ftfCo SeV18+/MtsHNts AF-GFP{3\ Z2CV%>$4 

SlJ(0^^bO2^fcB^O^4a;bTs Western-Blotting(z:J;2>^*^tt 
ofc 0 ±ia^l^CJ; 5taLC-MK2«lCm.o.i.3-C»^s Iffife2 Hfllfc«fil±# 
■ ittJI&SrigjfcU ^«±^»48,000gT'45^r^^L!>^7^ge^lEll|XLfCo SD 
S-PAGE&> Western-Blotting ?rfTV\ ^fttftfflUfc. tfi^flctt&fctefMS 
U/c^ y ^ u — ^/HftflrCfc D x SeV-M® fijt©l-13 (MADIYRFPKFSYE+Cys/SB^J 
#•§• : 2 1) , 23-35 (LRTGPDKMPH+Cy S/ /IE?!l#-$§- : 22) St^336-348 (Cys+ 
NWAKNIGRIRKL/ga^lJ## : 2 3) O&f&r*??- K£ 3@*l<£LT3lgsLfc*1^ 
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fa3MfrhMkVtz.i>V>-efoZ> 0 Western-Blott ihgft^Jfefcl 3 fclE^tf>#&^TV ^ 

(Anti-rabbit IgG ,(Goat) H+L conj. ; ICN P.., Aurola, OH) «1/5000^*{C^ 
|RLfc%0^ffit7Co SeV18+/MtsHNtsAF-GFP-e^^ »^^f*M^6^P^ 
^#<^mbTV^5^t^UirusOge^:^^>b-C*5^9 (i7). . Western-Bl 
ottingO^^ Jto"C%N S* * V A* fciH>T 2 ^W^^^/> LTV ^ r 

iiQfews] a«*^*iWA^^^©«wtei^*9Ui' < SEAP assay) 

SeV18+/MtsHNts AF-GFPlv^V^T 2 ^ffi^WM^ LT V ^ 5 # * ^tl^ PR#(- 

gfcfco-CL&S©"?* *©3&Mto^T*feliE&ftofc.. SeV18+SEAP/AF-GFP 
' #.tfSeV18+SEAP/MtsHNts AF-GFP^LLC-MK2^J^(Cm. o. i. ZX^Mk, fe^fc (Jft 
% 12, 18, 24, 50, 120R#M&) #*±flf£lEllRU ±ff 4<<OSEAP^4£Reporte 
r Assay Kit-SEAP (T0Y0B0, Osaka, Japan) ^rfljffl UTKit^|E«feO^(C#oT 
ffofce SEAP^ttW#fWt?03S#»^*^o*::(H8) 0 jfefcl^^XM^o 
\,^Xm&Mmkm& (HAfett) Zmt^tctK m£&fcSeV18+SEfiPmsMts^F^ 
FP^tt9m/10fc«^bT.V^ (09) . *^ Pf-y^VO^^^«r48,00 
0g"C45#ISBS'C> b * 7^16 £HUte LfcJL Western-Blotting-e^LM^^fUffl 

fc (110) o flUEttffiftolAtiot «WBt^©8»&%E*fe» 

[^»J6] u&m&vmmMA'}j^xomfamm& (ldh assay) 

J: SJBP&lli^fc. LLC-MK2, BEAS-2BS.t;cV-l|fflJ3air ; etl/ ; etl/2. 5X10 4 cells/we 
11 (100/zL/well) T'96well platelet #fc!Lfco ^(-«LLC-MK25.t^CV-l^ 
ttlOX FBS£-^frMEM£\ BEAS-2B^«10% FBS££triHiEHRt*RPlII (Gibco-BRL, R 
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ockville, M))."-<d" lM^U. 24* WW**; -1* BSA^tfMEMT^' 
^LfcSeV18+/ AF-GFP^VMiSeV18VMtsHNts AF-GFP^?££5 a* L/well"CS8JP US 

^ifc^gtW^o FBS5:^^V^P^f«^3 0^^. FBS^tP^i&O 
m&nmmtt^mm±m*?y'7Vl/7.U Cytotoxicity Detection Kit (R 
oche, Basel/Switzerland) ^Ijffi UTKit^lB^^m^oT^W*^^ , 

• ■ '• i 

BEAS-^B^&l^te, SeV18+/MtsHNts A F^FP0»l^#l4teSeV18+/ AF-GFP^ P 

#^T?**fc*iwf$nfc (mi D o ^ umm&^mmAx*o2#$tim 

i^S*fc;-l«e©*USrtJteK0V^i^fc.-.«SeV (SeV18+GFP, SeV18+/A 
F-GFP, SeV18+/MtsHNtsAF-GFP) ^U^H^^BlS^tt^^^U 32*C> 37^ 

»L4 0 CX*15^f B 1@^bfCo PBS-C3lUft?Hlx 2% Goat Serum&tfO. 1% Triton£ 
^tfPBS^-e^l0#^Blocking^fTofc o ??£PBST3lI]!fei^> 2% Goat Serum 
«tr-^fl** T»37t>3<#IH50&Lfc. FBSTOllHffl»* % 

s 2% Goat Serum£^i?— fcffifrjgjfc (l(WmL Alexa Fluor 488 goat anti-rab 
bit IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) T*37°C15^^^ t 

•fc. JMnawesiaaaJMi, «*WWIT^IIiUfc. i#m^Mt*F, nmse 

H^^^ttfc (012) o ^©J;5*we©«IWfefcM^««*-«**^ 
T*3t) (Yoshida, T. et al. , Virology 71: 143-161 (1976)) % \?V *>1&f&<» 

mmzfc&^^zk^z-btix^Zo ip^sevis+GFP^^-cte, (srn^^i- 



WO 03/093476 FC l/JF0a/U5528 

85 

1 , ,. . . ■ 

' i " ■ 

*3 V ^ t>K9 6 0«BI^B^O^*S jE^-C&OV tf U LTV * 

* E. £^L-CV^ £#?l£>;ft£o -^SeV18+/AF-GfPT*{^ 38^^*5V^MSS. 
<D*fclfe#^te^bfc. MgefiF^T^NSe^^ttmoCytoplasmic tail 
t^tT, »^®^^E't'6^#X.btl,T : ^^ (Sanderson, CM. et al., J 
. Virology 68: 69-76 (1994k Ali, A. et.ajL:,' Virology 276 : 289-303 (2000) 
) % SeV18+/AF-GFP•Ci^ J eo^-^^F5e^^b•CV^6^^ 106^ ©JSHfefcl^l. 
LTV^^X-bfrSo £^ SeV18+/MtsHNts.AF-GFPTi4^(D|^^5^< tHT, 

[%ffif!8] 2^tH^«J^^^XA^f* (2) 

«rt fc&tt SSeVS S £>MrtJi&& J: 0 iimi^S fc&fc* f 

' — (MRC1024; Bio-Rad Laboratories' Inc. , Hercules, CA) \Z.£ZijB#r$: 

HJfebfco SeV18+SEAP/AF-GFPS.TJ ? SeV18+SEAP/MtsHNtsAF-GFP^rA-10iiJfe (rat 
myoblast) fc^ft^hJSSfeb (nuo.i. l) , 32 6 C^VMi37 < CT*10%jk^^tfMEM 

^(f* wis nmztfwfcfc&xtmtfcfc&mm vx^m^^nofto 

mVtz*?/—Jl'*Wfah4fcXi5#rmfel>fro PBSXZ®&£&&, 2% Goat Seru 
m, 1% BSARTK). 1% Triton&^tfPBS^T^l^^ 13 y*^Srfro.fc.' 2% 
Goat Serum^tfMO-^tn:^^ (10 g/mL #CM#i#) T*37^30$tfgEqSU H 
|dHN(7)-^fei^^ (1/ig/mL ^MjCft (IL4-1)) T37^30#MEJfcbfc...PBS-e 
3[H]gfe#^x 2% Goat Serumfc^tf" (10/xg/mL Alexa Fluor 568 goat 
anti-rabbit IgG (H+L) conjugate 2kT$ 10 n g/mL Alexa Fluor 488 goat anti-m 
ouse IgG (H+L) conjugate : Molecular Plobes, Eugene, OR) "e37 0 C15^f^^J^ b 
tc 0 PBST?3lHrcfc8^ S*^i"5fc*^l/4000fc*^UfeT0_PR03 (Molecular 
Plobes, Eugene, OR) SrJWftM^15#ra2M U *«fc?B*Srfll^5fc«>K:- 
% Slow Fade Antifade Kit (Molecular Plobes, Eugene, OR) tf^^lCg&U 
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fa^##.££^tfeLW$^#&fl 5 ^k3o SeV18+SEAP/AF-GFP©#^3\ 3 

fiJbtffilSi 6 © JB$E#«Jfc * ttf V n § o -£S'eV18+SEAP/MtsHNt s A F-GFP©» 
MMa:%(C^e«©^^SeV18+SEAP/AF^FP(D^^lt'<*V^^fc , 

6#»l£^£fc#«U lffiettWE/MF. (microtubule) ©*£-#tti£ (i"*^>t) 
fc«^-t>R«©lS*« s #e>tL ; C'*5 9-x #(-SeV18+SEAP/MtsHNtsAF-GFP^iB^^ 

^x\t y m^o'mm^m^KmMu^tmtf)^< mi 4) % %Mf\,<o 

1 

^fc, SeVlS+SEAP/MtsHNtsAF-GFP^^a^T^Lfc^x M»&J&S*/Mf 

teSrfl^fco SeV18+SEAP/MtsHNtsAF-GFP€rA-10^m.o.i. 1 "CJfigfeflL tfHiCJK - 
E-£t*3£"C*>5 colchicine (Nakarai Tesque, Kyoto, Japan) Mi colcemide 
(Nakarai Tesque, Kyoto, Japan) &te9k&ln* S^JQU .32tVT?J&& Ufc, • ^ . 

^2 0^^±^^inc^r\ M^e^ HN«e©*iBjfirtja&*«»ufc. iBai^w 

I^iiDl^v^il MSS»l»/J^«^t8»!:<afc^*Sr^bfc (Hi 3) ©fc. 
-Ol*fctt£*Wfc (015) o £©*3itfu MS&*©fc#8^Lfct>©a^ttJ^ 
fclji^ft^ SeV18+SEAP/MtsHNtsAF-GFP^^32 c C-C^L^:^OM®e{4, 
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£fc£>lC, SeV18VAF^^^eV18+/MtsHNtsAMFP<DM!>^^^'oyT, flS 
'&&<£>MS'6 ©Ja^ftfc^5^W*ffi-&t<ai' (colchicine) 

(D&W&W^fco SeV18+/AF^FP^V^^4SeV18;^/^tsHNtsAF^FP^A-10^^:m.o.i. 1 
•C*8k8U it^^Efi^^^fcScolchicihe^^S ljtM jRbPU 32°Cj&V^ 

/ttfcLTfcJfcStlfco SeV18VAF^FP©^,M Settm/hW^*#l--CVN?>pr 
IHt3JS*ift$^o Hfcx 37^tCfeV>TJ4#^SeV18+/MtsmsAF-KffP^^fflJI&^ 

i^FS-U^HNg&O-^tt^tb^Cytpplasmic tail \ZL&& VfctfM (Sanderson, CM 
/ et al. , J. Virology 68 : 69-76 ' (1994) , Ali, A. et al. , Virology 276: 28 
9-303 (2000)) •Cf^ftlBot (M%.f£***Sl>'<D X 5 

\z&^x<Dmmm&isfox^%t%x.z^tftx%z> 0 zix:K^x\tm^ 

5tubulinttSeV©te^ • fcSlffittfcll-^U * WfcfiBt*-*- 1 
tlX&V) (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 83, 5405-5409 
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(1986); Ogino, l et all. J. Biol. Chem. 274; 35999-36008 (1999)) ; Hf£ 

frhW^n^'&fctttit {i-t£t>%^^V'WttT& i&&&Mk s &&K*^ 

/hW&fcfcl*-^ Fl-R steain©»Jte©^k^#U*V^^^ft^rtefcLT 
V^6^%X. fe^TV>6 (Tashiro, M. et al. , J. Virol. 67, 5902-5910 (1993) , 
) 0 Whs tubulinfc»ofcti^^ *mMm<D& 

cDNM^*te<^fc**rfc3fc LfcMfc^SH? £ 4 frx&M?; AcDNA ( p , 

SeV18+/AM: WOOO/09700) fcflJJl bfc„ "p(5©^*'-A«rHl 7 Kl^Ut, pSeV 
18VAMOU^^ttSr^'tfBstEII»f>T- (2098bp) Sr. WSall/XhoIT^ttm^ 
7*— v"a yb-CEcoRV^.ife^i^^$ii:/cpSE280 (Invitrogen, Groningen, Net 
herlands) ©BstEIIlM MUf^ n~~^Lfc (pSE-BstEIIfrgtf>1?£ig) 0 GF 
Pjt^^-f^pEGFP (T0Y0B0, Osaka, Japan) ^Acc65lS.t^EcoRIT*^^LDNA 
blunting Kit (Takara, Kyoto, Japan) T'(D5' *JS©f ill infc 
£?Tl\ EcoRV-e^jb#BAP (T0Y0B0, Osaka, Japan) ^S^^TofcpSE-BstEIIfrg 
fcf-y* p Ut„ w OEGFPjt^Sr^tfBstEII^ 7 ^ h £ £ <Z>pSe 
V18+/AMK1SU M^mi^EGFP5t^^^bfcM^MSeVyV AcDNA (pSeV 

18+/AM-GFP) SrflH&Lfe. 

[^»!I10] M^^m^^MSeVyyAcDNAO^ 

£>fA*£^?V AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. Virology 74 
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, 6564-6569 (2000), WOOO/70070)' <£NaeI$hfir (4922bp) SrpBluescript II (Str 
atagene, La Jolla, CA) OEcoRW M^f*:/* n-^y^Ur^b^pBlueNa 1 
eIfrg-AFGFP^^V>TMjt^0^^^tTofc„ Mit^tt^OApaLIIh'^ h^Jffi 
LXm^^mm-^O^^^^t^ IP*>, -g]l9ai1-fragment^6n^^5 ( 
«fc 5 ^PSi'fe^ii^ ^ApaLI^I^SB^iJ Lfulo ' ^M#A&QuikChange™ Site-Di 
rected Mutagenesis Kit, (Stratagene, La Jolla, CA) LTKit{C|E^<0^ 
m^oXn^tCo ^^X^fflUfc^^-y =f©@B^IJtt5*- agagtcactgaccaa 
ctagatcgtgcacgaggcatcctaccatcctca-3' /IB^jS^ ':' 2 4 , 5' - tgaggatggtaggat 
gcctcgtgcacgatctagttggtcagtgactct-3VgBfJ## : 2 5) • 
;\ KpaLlX^ftTMth (37*0, 5#) . QIAquick PCR Purification Kit (QIAGEN, 
Bothell, WA) X>mtiLVtz.&%(D-£i : 74 f-iSa V<HTofc 0 f?g> QIAquick P 

■ - ' » , - 

'CR Purification KifCDNASrlsIltJl L % Bsml^t^StuI^^DHSa^^^UT 
VSt&f QkTfFlltf&rf') tr^LytDNA (pBlueNaelfrg-AMAFGFP) ^^^LfCo 

M CRt*F&&?-) ^^^LfcpBlueNaelfrgr AMAFGFP^Sall^t^ApaLI-e^'fb?: 
fjV\ Vfc£$MSL&iS't*'7 y h (1480bp) ^HDK Ufc„ -^T'pSeV18+/ AF- 

GFP^ApaLI/NhelT^mtbTHNjl^^tf^ (6287bp) ; . SrElRU -<9 2m<D 
ifK"^Litmus38 (New England Biolabs, Beverly, MA) (OSall/Nhel^^ f fcf-^ 
^d— ^y^Ufc (LitmusSalI/NheIfrg-AMA'FGFP(Dlil|) 0 LitmusSall/Nhelfr 
g-AMAFGFP^Sall/Nhei-C^bUrillllJlLfc^^^^h (7767bp) ttcpSe 
V18+/ AF-KSFPSrSall/Nhel-C^b LX®tiL UfcliOfcOWft^Sr^** VVZ^ 
^ h (8294bp) Sry^y-i/aVLT, HRtmtW&&£L*©£&*BtefcB 
GFPjt^^^bfcMSt^^^M-fe^^^^^^^^VAcDNA (pSeV18+/A 
MAF-GFP) Srfcg'bfc. *8LfcltftfcSl (RrJTOpV^C*ffl) '.^^©flBt* 

mmm 1 1 ] sev-M^ & £3§m-r $^^HNM&©fM 
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o ^-y^^m^k<Dtz.^ ?%;&(D^/W<— &BJI& (LLC-MK2/F7$Bj&) (Li, 
H.-0. etal., J.' Virology 74, 6564-6569 (2000), WO00/70O70) fc&^X&m 
LfcCre DNA V=? V**— ^fc J: A^^j£ffS$g3H-5 £ 9 fcRthSfrfc. " 
^7^5 KpbALNdLw (Arai, T. et al., J. Viroi. .72: 1115-1121 (1988)) 

<i> \md?9*% • 

U Fitted AB#fc&ffl LfcpCAl^dLw/F{4neomycin»ft»^^bXV^?)^> x 
WBf- 5^^{^iJO»ttit^^4A^^-C^ 9 , *"f 0 2 O iClBm 
(DX^-AT*M3t^^7°7^^ K (pCALNdLw/M : pCALNdLw<£SwaIlM MUfit . 
fe^#X) (Dneomycinfttt^^^hygromycinSitat^leigt^^^io IP*>> P 
CALNdLw/M^Hincimt^coT22ITii^bl^^^^tPif>T- (4737bp) SrTtfn- 
^m^ttT^lv ^1-5^V K5ri50«9tliU QIAEXII Gel Extraction System 
-ClUJ&'Lfco IHpCALNdLw/M^XhoIT?^D^fs neomycinIft&t^£^£& 

V^>t (5941bp) ^rUTO, H^HincII-e^J^ftl779bpOif>T-|:t§]llXbfCo Hygro 
mycinftttSte^tepcDNA3. lhygro(+) (Invitrogen, Groningen, Netherlands) % 
T s y~7 b {Jlhygro-5' (5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacg 
tctgtcgag-3' /MB^J## : 2 6 ) Stftiygro-S' (5' -aatgcatgatcagtaaattacaatga 
acatcgaaccccagagtcccgcctattcctttgccctcggacgagtgctggggcgtc-3' / /|B^IJ#-i- : 
2 7) ©2i<D7'7^-7- ^rffiV^TPCR^VV QIAquick PCR Purification Kit 
T'IllJlXbfc^XhoI^t^coT22l^m^bril^Lfc 0 Clftk 3m<Z>$rJT-£7^ <7*- 
*s a >- UpCALNdLw-hygroM^rf^^ Lfc 0 

<2> SeV-MStJ ? F^e^fl^^i'2>^^--«^^ n ^ ri:/ ^ 
h7y^7x^Va VfcftSuperfect Transfection Reagent £r£^ 7" d h=3 — 
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Mz.mXD*W:X*ftotc 0 WfcOT^Wfefe-fc-ifc. LLC-MK2/F7MST5X10 6 ce 
ll's/dishX-60mmv'-Y-^^tx 10% FBS^tPD-MEM^24^^L7t 0 pCALNdL- 
r-hygroM©5/zg^FBS^^mtI®^^t^V^I)-MEM^^:^U (^*t?l50 a* L) , 
jt£HgSuperfect Transfection Reagent 30 m .LSr^D, ?Mf # b^i&"eiO£fBl 
ft|tfc 0 JfcS^, lO%F^^tfI^MEMlrlmLttbit#^s PBST*1 bTcLL 
C-MK2/F7ilfflJJ&— :©F7Wi^v;3 y^^^T^IO UfCo 37<C, 5% C0 2 4 V 

gfc*K 10% FBS^^tfD-MEM^5mL^jn L24^^i§* : «*Kft> j» D ^ V^tf» 
JteSrSa^U 96wen^V^-h^5cells/well©#JD^V^%^U 150 /z g/mLOh 
ygromycin (Gibco-BRL, Rockville, MD) Sr^ttlO% FBSA 0 OD-MEMt?^ 2 3M#- 

<3> sev-mTftm&%mmmm-z>^'*-toi&? v-votwfs 

'&Z>tl1tlZ0ffiO? n — VfcoVyt. MS^otoS^Western-blotting-e^ 
4ttfc#F#fUt, #* n-^£r6well:7V-- M-3f#^ lil^y7MV Y<D&M 
X\ 5% FBS^tfMEMT'^bfcCre DNAJ) =» > if SrH^f SH^^-Tf* 
(AxCANCre) SrSaito (Saito, I. et al. , Nucl. Acid.. Res. 

23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) 
T*m.o.i.5T1«£ii:fc 0 32^X2 BP^$t^ i§*±^^^*UPBS X 1 0^ 
U -fe^** v^-^B&SrfBJiSUTJNajaSrlHlilZbfe. llanefcfc*) r<Dl/10* 
SrT:/^ LTSDS-PAGE=Hto7c#, ^^^Jffl UT^»!l 3^4 ^|B«© 
^t?Western-blottitig§rtTofc 0 130* ti-ycD^XitMtmm&om^^ 
^ofc^kglL't, #CF#L# (f236 : Segawa, H. et al., J. Biochem. 123, 10 
64-1072 (1998) ) Sr^Jffl b7cWestern-blott ingtf)^ t #NrT H 2 1 fcfBife Lfc 



1 2] SeV-mteZWU^-fZ^'*- 
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Mfc£S!SeV (SeV18+/AM-GFP) ©£^/K*¥ISj&£:^lteU r.tbb©^BlS^ n — 
^©^/V^ktB&IFflffbfc. SeV18+/AJHiFP©P0 lysate&^o— 

frfcoV^SELfc. PO lysatetDmWtSXroZJKpvltc LLC-MK2»^ 5 
X10 6 cells/dishT'100mm©^^-l/«t, 24B#^^^, PLWUy-VacT7?:^ , 

tfi^PM^^fc. (m.o.i.'2) o Mm^Mm^^^mix^vtc^ ~?7 

*S KpSeV18+/ AM-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HN&tfpGEM/M^ft 
^;ft,12ju.g, 4/*g, 2m g, 4/zg, 4jug^tf4/xg/ / dish©*Jtr*0pti-MEM^Si^L N 
1/zg DNA/5MpiS^©SuperFect transfect ion .reagent ^AftTSg^bx 
5$miftM&* *Jl&ftfc3Jl FBSSr^tfOpti-MEM 3mL^AfrU 'M^WMVX^m^ 
tc e 5mm^W^]k^ ^MEMT' 2 U 40 m g/mLOAraCW7. 5 g/mL . 

©Trypsi'n^tfMEM-eit^bfdo 24fl#r^*#> 8.5X10 6 cells/dishfcfc 9 KL 
LC-MK2/F7/A£fiJf U 40 ^ g/mL© AraC&tJ^. 5 /i g/mL©Trypsin£^tfMEM-CHte 
2 Br*937 e CT?i#^Ufc (PO) o wftb©«£IIIJtXU h £2mL/dish£>fc 

<0<D Opti-MEMfc^^ W^WM^3mm^MX^?0 lysateSr^bfco 
X*10M<D? V—y%24 well7V— M£$r#x 'isf£=» V7;Vxy h ©B#lCAxCANCre 

^rnuo.i. 5t*^u «^32<c-e2 p mt%mvtcmm*mmvtc 0 zommzs 

eV18+/ A M-GFP©P0 lysate £#200 L/wellT? b7^7x^^ayl, 40 g/mL 
© kraCRm. 5 g/mL©Trypsin^r'a^Jk^^"a £&l^MEM£^32 £ C-T?*g^ bfc 
0 SlS&tJ^©^-^^^^ ( 
|22)„ #62©^j£^^^jf.< x ^T©^{-»-©#62^fflb^ 0 

fcoV ^AxCANCre^iiu © & © &LLC-MK2/F7/M62 £ SB*c U SI3ffl © t 
©t?F&U*Mg 6 £3$$E3Sm bT V n £ & ©&LLC-MK2/F7/M62/A £ 12*41" 5 - t K? 
% 0 LLC-MC2/F7/M62/A^IJffibTSeV18+/AM-GFP©M^icb, P2©^6 0 
^K9.5X10 7 , P4©^5 B^^3.7X10 7 GFP-CIU©^-r ^^Mbfc e 
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r t ^SeV18V A M-GFPO ? j tsltet^l £ o t bftfc SeV18+/ ■ 
b\HSFPK&^XVm&*3&BM& (LLC-MK2/F7/M62/A) frh K^V^iZl^UT 

^<Jfc#9#j!.e>;h,fc (02 2) o IP^> ^!>^^^#m^^*5V^ 
±IBO^>f^ <0£g44tf>® -CO^t^fofCo LLC-MK2/F7/M62/A&6well pla 

Ware wxtm Lfc„ m$=t vyjv^J y <D^mxz2X:KWn^s i 0t 

£SeV18+/AM-GFP£rm.o.i. 0.5-?^ U &^^it*±^^lElllXU^ffc^i:M 
fcSsjjqbfco HUt5lbfc±^lCoV^CIU^HAU^*fc 0 ^4~6 B'&XMh£ 

^co^^jv^tm^fiti (m2 3) o hau{«^6 Bm^^mwzfrx^ztf 

SeV18+/ A M-GFP© £ 4 fr* it^^rRT-PCRT\ !> A'*® 6 SrWestern-blottin 
gTiflf&LfCo RT-PCR»P20«6B^<0!>>f/^S:flJfflbfco ^V^M^b 
ORNAOlUllX^QIAamp Viral RNA Mini Kit (QIAGEN, Bothell, WA) ^lljfl'U * 
fccDNAfSigfiThermoscript RT-PCR System (Gibco-BRL, Rockville, MD) SrflJJB 
LT> Mv'^TAi ~k\Z.ffitff(DZfv h ^—MZf?M<Djj&Xft'Dtc 0 cDNAfiiS!B# 
W?^**— fcfifc*? h^SSft^random hexamerSr^ffl Ufc 0 RNAd^b^g 
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tltrfoS^ iOH^i: UT. reverse. transcriptase<A^#^KJ&£frofco f§ 

.' » • 

ULfccdm%T'y'7l'---Y t,LXPl&& :: f±.<DFZ59Z (5'- ccaatctaccatcagcatcag 
c-3'/fiJJtt': 2 8) iiFal^ : f-±(DR4993 (5' - ttcccttcatcgactatgacc-3' / 
gH^lJ#-^ : 2' 9 ) (DftRfyG-frlt b s Pl.D < Rt^f- -b£>F3208 (5* - agagaacaagact 
aaggctacc-3' /@B^lJ## : 3 0 ) t R4993<p&#£:£i2:cZ> 2 ST'PCR&fto tc a SeV 
18+/ AM-GPP©at^?-«3fed* b^H&J* titc 3: o M^Rtm^d^^tt^tLloja 
bp^.U ? 1458bp^)iii)i|^^^^tt7c: (HI 2 4) . reverse transcriptase^ L (RT- 

1^3^ ( P SeV18+GFP) tt^tt ; em4OQbpiS.m785bp^<DT*0J 6>*^*# 

'. Weste^lptti^fcJ:9ae«^&.©*IR*:ffofco SeV18+/AM-GFP (0.* A 
M) , SeV18+/AF-GFP (El* AF) &tfSeV18+GFP (0«f» 18+) £m. o. i. 3T'LLC-MK 

2\mPku mPks n&Ktm±Mktote*®to^ «n±*tt48,boogTf45^m 

jjti^b^.^f^afiSriaiRLfc. SDS-PAGE^, Western-BlottingSrffV\ ^LM^Cfr 

Lfc 0 'HJSlN3^IIWJ 4 fclBiHO^tJffofc.- SeV18+/AM-GFP^»T* 
^«ej»M$^t1WV^^Wtt^**t^tifc*»b, MS»?>^SeV18+/AM- 
GFPOm^T'fe^r^^H^^+Lfc (0 2 5) o SeV18+/AF-GFPI^iBJfe 

^ttFaeim»i$^-f x sevi8H<sFP-T?w:ii^^T©^-f /^ae«* s *aj^^ 

fc 0 Sfcx ^±fttf>-*WVV;*a6fcHl/tW\ SeV18+/AMH}FPfc^TW£> 

o 

[luteal 1 5 ] M^MSevo 2 ^ta^^^riiKiBBi-sSAW^rtf 

1 4 IBfS© <fc 5 !CSeV18+/ AM-GFP^m. o. i. 3T*LLC-MK2 KlJilk U J&ffe 3 
S ffeltf^UiflffclSlfc U 0. 45 /z m&tf)? A Lfc#48, 000gT?45^^ 

ifrU @lRb*:!>^^flEeSrffiV^Westeni-blottingSrffV\ 2fr£fiBJfc#£ 
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Mbfcf-V^^fflbfdo ^tt^tt^^r^^JIrf^bWestern-blotting^ ' 

frVMW-lftft (£M^61§!&) T^tBtfCo SeV18VAM-GFP«^Ji?t*<A 
!7 /V* M 6 &SeV18+/ A F-GFP^»tf> % (D(D^Jl/100t? fe^^^J^f^ frfc (0 
2 6) o |Ht>'^/V^HA^»SeV18+/AF'-GFP (64 HAU) ft£>{CftLSeV18 

+/AM-GFP «2 HAU) tfeofCo 
.RH**lfft»l*ttfcfTo'fc. Ii)*>, SeV18VAM-GFP^nuo. i.3-eLLC-MK2fc^ 

■JfcU (-HftR:) JM±»trl3ftU HA^fcfcfcUfc (02 7) 0 

;'T*M&**Ht©*B* £ ft 5LDHStt«ra»6 bfcpf. SeV18+/AM-GFP^^T(^ 
^4 0#^^^ft»lt*tt^Sjet-Ci}3l9 (0 2 8) , HA^Oiim? 

5 0^<£>Jg#JhttfcoV N *C> #9^-— P J^y— AT'foSDosper Liposomal Tr 
ansfect ion Reagent (Roche, Basel, Switzerland) SrfflWC^tiELfCo fiP*>^ 
^H#100/zL£Dosper 12. 5/z L^^b^T'lO^m^ 6 well7V- Mv = 
y7;l/x ^ h LfcLLC-MK2«{e: f7^7i^^3V Lfc 0 20t fci&ft 

mmtT-emmvtcm. r&$amw#£-«sevi8+/ af-gfp^^^^« 

±J*T?tf\ #<(DGFP^4M^f ZthZO^MU SeV18+/AM-GFP^«^ 

^si±?twGFPiim«^ (b.2 9) 
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■ -I 
mnt vxfflft ^tlTv^5@a^J^7c{c wuPA^k^Tn^ Lit 

&&gk%V>%iM (Netzel-Arnett, S. et al. f Anal. Biochem. 195, 86-92 (1991 
)) &5nfc'-U *fc{itffc:^E^0^rxif>1 > ^bfc2SOiB^J. [PLGiMTS (MB 
3) teittPLGiLGL (@B^J#-^ : 3 1) ; EHv -ttb©Sa^J^-f-5F 
;®fi^^timF(MMP#2) ^F(MMP#3)^^-T] s MMPO^^KIC^iiO 3 T $ 
7 ^SS?!iPLG(D^£^A bfclB^iJ CWTx W&M Sr^l" 3F® 6 £F (MMP#4) b *f 
' ) &tfuPAtf>&«VGR (ia^iJ#f- : 6) ^TcttUfclB^J (£*T. PIE^j^-rSFM 
6£rF(uPA) ^^-f) ©4@(DSa^JC>^f i V^*^tl-CV^ 0 
if g LTV^MMP (MMP-2&lB«MP-9) «fc 9 afttttefttB** <t 5 fc^^T 

&fJLfc$&£ (Turk, B.E. et al. , Nature Biotech. 19(7) 661-667 (2001) ; Ch 
en, E.I. et al. , J. Biol. Chem. 277(6) 4485-4491 (2002)) &$%\£-tZ>Zb 
#tB3l55b #^MMP-9(ClHLT^ Pro-X-X-Hy-(Ser/Thr)<DP3/^bP2' tLXO^^ 

(x= Axomm, ny=m^mm) tmmistix^z (Kridei, s.j 

. et al., J. Biol. Chem. 276(23) 20572-20578 (2001)) „ ZZX\ F(MMP#2)fc 
S^b^xif^T ^OPLG j MTSfcfrfclc-rl^'f y^rtf oTV^ 0 

^C^g*fe !> ^^S^ / AcDNA (pSeV18+/ A M-GFP) ^SallRtMiel-t^ 
itU F3t^^tP^f>i' (9634 bp) ^T^fn-^m^«J-C^il v ^i-?>^ 
^ K£$J 9 W U QIAEXII Gel Extraction System (QIAGEN, Bothell, WA) tf@ 
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JfelU LITMUS38 (New England Biolabs, Beverly, MA) (DSail/Nhelf"^ M^"/' 
*v~-~y?Ltz. (LitmusSalI/NheIfrgAM-GFP£>4flig) 0 mfc+^^MA 
OLitmusSall/Nhelfrg AM-GFPJiT\ QuikChange™ Site-Directed Mutagenesi 
s Kit (Stratagene, La Jolla, CA) ft^lffl UTKit^lB^O^^o-CfTofc 

0 g^Afctefflbfc^ 5,_CTG 

TCACCMTGATACGACACAAMTGCCccT^ , 
' (E?lJ#-§- : 3 2 ) . *3 «fctf ' 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAg 
gGGCATTTTGTGTCGTATCATTGGTGACAG-3' ®?IJ#-*§: : 3 3) , F(MMP#3)'^<«&}U* 
5'^GTCACCMTGATACGACACAAMT^^ 

CTATCG-3' (gB?"J#-5§-: 3 4) jo J;t^ 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCa 
GGccAagAgg^CATTTTGTGTCGTATCAnGGTGACAG-S' : 35) , F(MMP#4)^ 

£>|£iife}£tt 5' -CAAMTGCCGGTGCTCCCCk;GTtGgGATTCTTCGGTGCTGTGATT-3' {WWi^ 
: 3 6) '*3.J:tf 5'-MTCACA(£ACCGMGMTCcCaACg(X^^ «B#! 

37) \ ^Tjt F(uPA) ^.©ggftfcH: 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGA 
TTCTTCGGTGCTGTGATtG-3' (@B^J#^ : 3 8) &<fctf 5' -CAATCACAGCACCGAAGAATCTC 
ccCac(XJGA«:ACCGGCATTTTGTGTC-3' '(lEW* ': 3 9) "CfcS. /hX*«IB^*JI 

FSt^ -bfc @ ^O^^^-f SLitmusSall/Nhelfrg AM-GFPSrSall/Nhel-e^-fk 
LT. Ffc^«r£tf7?^;*^ (9634 bp) fclaURLfc. F££*B&fc: 
EGFPit^^^bfcF^Mir^^V AcDNA ( P SeV18+/ A F-GF 

P:Li, H.-0. et a!., J. Virol. 74, 6564-6569 (2000), WO00/70070) &SalI& 
Tmel-VmfclsW&fctt^ttMK (8294bp) (31, *J*W9 =*Mfc**UJa Ut^/V 
=P^ n -~y^lM h^ALfc^^^ K (pSeV/ASallNhelfrg-MCS : PCT/JP0 
0/06051) ft, SalI^tmieI-em^LT77^^^b (8294bp) trHftUfc. 
S77^yh^^3yU F(MMP#2), F(MMP#3) 3&W*F(MMP#4) Oit 
0irt?«ttfb**b5J:5K:9 , 1l , -f ^tft««») «r*^6H^*S!SeY cDNA 
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(pSeV18+/F(MMP#2) AM-GFP, P SeV18+/F(MMP#3) AM-GFPj&^m>SeV18+/F(MMP#4) 
AM-GFP) s 3tt*F(uPA) (D&fc* (m^m&fc£tl££?\ZTii s 4y\s1tFm.fc' 
^1"6M^MSeV cDNA ( P SeV18+/F(uPA) .AM-GFP) &1?t^Lfc 0 

i 

. ^y(;u^(7)^m^tlih<D^ (Li, H.-a; et al., J. Virol. 74. 6564-6569 
(2000), WOOO/70070) jEffcoXffofc. Hfrk%LXhZ><DX\ umBZhv^XK 

s<-mfoftm\a%Cre/lo*Pmm§^SXT A^ljJBL W5 0 S^i/Xx AteCre 

KpCALNdLw (Arai, T. et al., J. Virol. 72: 1115-1121 (1988)) £fljfflbfc% 
©t'fc!), 1^7*7* 5 K© h7^'7t- M^Cre DNAU ^Vtf^— 
■fZ>WMX-T 1 f JV- / (fr* (AxCANCre) £Saitob£>£1fe (Saito, I. et al. , 
Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, T. et al., J. Virol. 72, 111 
5-1121 (1998)) T*mPkiS J £XWK&te*%%$L£tt (MMMl l*5«fctfl 2# 

FO^bTO^^m b7cM^^MSeV©^i^«^TcO £ 5 fc?To 7C 0 LLC-MK2 
|fflJ®£5X10 6 cells/dishT*100mm(Dv'^-l/(cS%> 24Nf^#^ V7V^ ( 
psoralen) ^ft«ES^i» (365nm) T*20#Pfte® tfcT7^U £^^5 
p n If ^ ^ h|7 ^ £>f A* (PLWUV-VacT7 : Fuerst, T. R. et al. , Proc. 

Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 1 R#M2fe£*7t (MOI 

2) o m$&&mihm<DMmX$cfrLtc^ KpSeV18+/F(MMP#2) AM-GFP ( 

gfeWipSeV18+/F(MMP#3) AM-GFP, pSeV18+/F(MMP#4) AM-GFP, ifcfi P SeV18+/F( 
uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A." et al. , Genes cells 1, 5 
69-579 (1996)) &0pGEM/F-HN (Li, H.-0. et al., J. Virology 74. 6564-6569 
(2000), WOOO/70070) ttfo^ftAZng, 4/ig, 2/zg, 4/ig RWu g/dish<D* 
JfrCOpti-MEM (Gibco-BRL, Rockville, MD) fcHiSU lug DNA/5mU@^OSup 
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erFect transf ect ion reagent (Qiagen, Bothell, WA) ^r'AtvTil'a b> iEiiL"Cl' 
&WfcM&'s k&ftfcZ% FBS^tfOpti-MEM 3mLfcA*K %MfaKffi)MhX^L 
fc 0 5^f^*#k^^*^V^MEM^2lHI^U 40Mg/mLO Cytosine /3-D-ar 
abinofuranoside (AraG : Sigma, .St.I^uis, MQ) RX$7. 5/i g/mL<DTrypsin (Gibe 
o-BRL, RockWlle, MD) Sr^tfUEirC^il bfc„ 24B#Mi£tiaU 8.5X10 6 cells/ 
dishfcfcO4affie«Sr«NS08ai"S*iia (LLC-MK2/F7/M62/A) £^Jf U 40 jig/, 
mLO AraCXtiM/i#nL<^^ CTO) 
o Ctt b ©«£lE]lfc U ^W>b £2mL/dishfcfc 9 © Opti^fQiKUBfl btc 0 

y^7x^^3VU 40 u g/mLO AraC, 7. 5 v g/mLOTrypsin^t^SOy/mL^collag 
enase type IV (ICN, Aurola, OH) ^^Jk^^^^V^MEM^V^32 < CT^L 
tc (PI) o ■3'- , l-4B«««iifflf©-»*fcD, ^ffc^^bfcLLC-MK2/F7/AiC 
•JflBfeS^; 40/zg/mL<D AraC x 7.5jug/mLOTrypsin^t^50U/mL^)collagenase type 

IV^^■il^^t^V^MEM^fflV^32 ^ C-eit*bfc (P2) „ 3 ~ 1 4 BlfeKljffc- 
^MbtcLLC-MK2/F7/M62/A^#^^^^ 7. 5ju g/mLOTrypsinXt^50U/mLOc 
ollagriiase type IV ^^.JfiL^t^*^V^MEM^V^32 0 C-e 3 ~ 7 B^tg^ibfc 

(P3) o 0lfebfc^±tf»a^*lW!:fc5 i 9 fcBSA&«fl] b-80 < C^T^#b 
fc 0 ^*^/KMft£flRftU "*:<0&0>££2tt*in vitroH^fc&bfco 

&fc N MM&^h7^^^-r6^-;WN e -»t LT. LLC-MK2/F7/M62{C N JJ 
{^ v^xix (pCALNdLw : Arai, T. et al. , J. Virol. 72: 1115-1121 (1988)) 

©sev-^ara* (^t^sev-F5t^) n-^^ttWtf-*- 

£ t> ?—V<M&&£BSeV' ; <* 9 — SrWRRTIB*^^"- #Wfi (LL 

C-MK2/F7/M62-#33) ©flsfflfoifcSbbfco £ ©«&^Tff^bfc#£\ Fitted 
£&&Sr$AbT^fcl^&£lSeV^* — (SeV18+/AM-GFP) £ixi0 8 GFP-CI 
U/mL (GFP-CIU©^ttW000/70070lClB*D SJUb©*^ ^-T?ll«i-5 - i ^"TO 
t fcofc, ft. bfc#g\ SeV18+/F(MMP#2) AM-GFP&tfSeV18+/F(uP 
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A) byi-GF?<DW&h t ^{CIXIO 8 GFP-CIU/mL^JbcD^^ ^-WM^RrirCfc 

o'fco . . • 

mmo5feX*WMf&Zft<>tcm&, SeV18+/F(MMP#3) Att-GFP^t^SeVi8+/F(MMP# 

b&W>^ PC^#T*HIi|XlU^^o.fcr F(MMP#3)^t^F(MMP#4) fc*3V^ 

'"Cfi* F1/F2H^TO (FlS^ffiWf) ©yif>fV±fc«»&S*0;, 0J;U2 

in vivo^^^SM^MSeV^^-©|S^{i^. ^'frXlM/^^&pell 
et dom&Z>f£M%n%kW;X'ft^tCo LLC-MK2/F7/M62-#33£6 well plated tef£=»i/ 
?;V*.y MCiSatbfc^ AxCANCre^MOI 5T««U ^#32^ 2 0 ITO^ b 
fdo C<Z)|BJ^}CSeV18+/F(MMP#2) AM-GFP3^teSeV18+/ AM-GFP&M0I 0.5T?^U 
, SeV18+/F(MMP#2) AM-GFPO^{*7. 5 m g/mL(DTrypsinW50 U/mL£>collagenas 
e type IV£^jfctf£££^MEM (lmL/well) X\ SeV18+/ AM-GFP©^fi7. 5 
M g/mLtf>Trypsin(W £r£3Mfa.?f £r££ fcV N MEM (IraL/well) 3 0 ^32^^ 

i#^Lfc 0 £6well#&3-£&T±M£[I!Jfc^ 2, 190gT*15^^b U HUfcLfc 
Jr?f £l^0. 45 ra^ ^ U OO0gT*30£f^'t> Lfc c pellet 

&PBS 500MLT^PbM^^-f^^i:bfCo - <D £ 0 K VTMM LtcUXfkm 
SeVs<? $—<D?4f t —\*s SeV18+/F (MMP#2) A M-GFP < S.D ? SeV18+/ A M-GFPT'^riX^ 
tl s 1.3 X10 9 &1F4.5 X10 9 GFP-CIU/mL-CfoofCo M WJ 1 7*5j;TM 8T« 
Lfc^^/^f4FM6«^H^$^x*5 «?^^^i-5o 3i 9 &SeV£F^ 
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meVt-tcltmgkMSeVkW&o tt^ &TF SeV18+/AM-GFP^ SeV18+/F(MMP#2) A' 
M-GFP,,S.dSeV18+/F(uPA) AM-GFP^r, ^r^nSeV/AM-GFP > SeV/F(MMP#2) AM-G 
FP, SeV/F(uPA>AM-GFP ^tB&IBl-5o 

Exogenous experiment, , , 

IfflJ^^iC^^b^nxT-^^^Jp-t-^^^JllM^Exogenous experiments P£ 
&„ UT^MMfflfote^Xftifc. exogenous experiment ©S^te^JdSr^i" 
o Cfttg#&:£#T^ofc^ 9<? well 

plate lCLLC-MK2.£conf luent (5 X 10 5 cell/well) fcsfc 6 J: 5 t Lfc 0 MEM 
V2\BffiMM&s SeV [F^MUXIO 5 CIU/ml tU< «F^^M:1X10 7 particles 
/ml (HA^t ;.HWJ2 5#fig) ]. ^*MQI«rB0|il*P^ *3fe***i. P^HI*. 
50 i ul^yn^T-if^MEM^Px.fc o 37<CT^Lfc„ 4 0t, *&ftSE!S&fc: 

r«S}©t>5^9*«*iUfc. lmm 2 (omj&hit voGFPom&Lx^zm 

£V b UfCo 'fxi'rT— iffS, collagenase (collagenase type IV) {3 IC 
N Biomedicals Incft^ MMP2 (active MMP2) , MMP3, MMP7, MMP9 (active MMP9) 

Endogenous experiment 

Ji^J^^S^^JliSrEndogenous experiment bW&o UT<DMMWK&\,> 
XTfotc endogenous experiment .©S*W^¥WS**i"« wtu'i^S^fe#*Cff 
o^:^{i ; en^i^©^»J^*5V^-ClBicLfCo 96 well plate fc4-l&5M&con 
fluent (5X10 5 cell/well) 5 W#*Lfc 0 MEM"? 2 ®&##, SeV [FH 

1X10 5 CIU/mlt>L< ttF^H^M: 1X10 7 HAU/ml (^»!J2 5#$0 ] 
^MEMSr50^1iPx. N gBte$*fc. «F*Kif4J»aiftl%i*5J:5fcFBS* 
»]Ufc 0 4H|ft, ^JW«R:TJ»©^5^9«r«*Ufc 0 -*fc, lmm 2 O^B 
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#KlliJfiMli. (Exogenous experiment) , • . , . . 

s experiment^* 9 (0 3 2) . SeV/AM-GFP, SeV/F(MMP#2) AM-GFP, S 
eV/F(uPA) AM-GFP tf> 3 ra©l0tfcffl0SeV -(Xlfeffl 1 7) 
Htl^ft^tb 0. lAtg/ml collagenase type IV (Clostridium histolyticum) 
, active MMP2, active MMP9, uPA, fc^te 7.5-Mg/ml Trypsin .-5:2)11*, . 

,7to 40fK fMtiti^Ufc. F'Sr^Lrv^ft'V^Sey/AJHSFPtt* trypsin 

'-^M^^btK #^M"efc6synthitium^^Lfc (12 3 2 L) ... MMP^fl? 
SB^iJ^FM&®^^^A/fcSeV/F(MMP#2) AM-GFPf^ collagenase, active MMP2, 
active MMP9^^fclXC-MK2T^Jiam^^^^b^ «E*Bfi-Cfc*sjnthi 
tium&^J&bfc (HI 3. 2 E, F, M) 1 — ]£\ urokinase-type plasminogen activa 
tor (uPA) , tissue-type PA (tPA) ^BB^J^FMfiK^m^^SeV/F(uPA) 

am-gfp-c«s txypsinmiTx^jm&mmm^hii, £ feicF«e««r**b 

/fcCt^ioTuPAT^^Jia^feSsynthitium^^tfc (1213 2 Q, R) „ - 

* tt^n^ * t r - <^iiaHtBW &f® e it id^atr - i i <> x . 

[H»!l2 1] *»J^©lMP*^J^*^»^SW3fe (Endogenous exper 
iment) 

MMP3£^«^fc5HT1080 (t bilf ^ll) (Morodomi, T. et al. (199 
2) Biochem. J. 285 (Pt 2), 603-611) , tPAHmtfct?fc5MKN28 (t MlftlHft 
(Koshikawa, N. et al. (1992) Cancer Res. 52, 5046-5053) , ¥%b(D'7 



WO 03/093476 ■ ' PCT/JP03/05528 

. 103 . •' .' , 

l '* ' 1 ' • ' * 

1 * . • i ' ' 

• " ' 1 

eVfcJBWC Endogenous experiment id «fc «9 m^ofc c £*Lfc<D**Wfi©5-fc . 

MKN28i*Sft#^BT (Cell No., RCB.1000) $.1t HT1080 (ATCC No. CCL- 

121) , *5«fctf SW620 (ATCC No, CCL-227)., ifet)^fc»J©«»WCttfflT5 SW4 
80 (ATCC No. CCL-228). , WiDr (ATCC No. CCL-218) , Panc-1 (ATCC No. CRL-14, 
69) fes ATCC (American type culture collection) X Vft-$-£fotch<D%:f%^ 

• . • . | 

\mWkg. 1 % fc.-fc* i 5.W*SSr«flq Lfc„ : -fl 3 ,3 T^i-<t 0 fc^ «§3M*HT108 
0-CiiSeV/F(MMP#2) AMHJFPO^10f&^Ji%^^ s t>^* s < > ^ li '^^ tPA^I^MK 
N28-C«SeV/F.(uPA) A JMFPO^^*fflJfeJft^lSSte<Pt>^>^ «9 #^"fc*lSo 

[HJSfel2"2] Phorbol EsterWMMPj^fciS^MJlfc'S'aUKte' 

V n 6 w £ £ H"Cl v 5„ -t ©^'fiPhorbol Ester Sphorbol 12-myr ista 

te 13->acetate (PMA) "fc^oTin VltroT»imVS- fc#WC*>*.' -<*>MMP3§ 

a<DJ8M1Wm * Hfc*frfc38 5*as«rP^ 3 fc » v PMAM J: o TMMP2(D^tt 

4bfclMP9©iH»3^fenrV^PMic I\(|MlftM0 *JBVvT\ Fftl£M££MSeV-< 

^.^-O^M^M^^^^li^ (Zervos, E.E. et al. (1999) J. Surg. 

Res. 84, 162-167) 0 96 well plate Panclfe £m&0^«fc£confluent 

(5 X10 5 cell/well) fcfci* 5 fc**Lfc. MkM 1 7 T^UfcSeVfcflVvC 

Endogenous experiment^ J; &3«fcffofc. MBTT? 2 |eHfe&*, Moi=0.01fclftS 

' i^taxiO 5 CIU/ml©SeV^ MEM^50Ml*nx.s ^$tt 0 H£50/i ltf>40 nM 

phobol 12-myristate 13-acetate (Sigma) ^tfMEM^Px.fc 0 £<0l*K 

1 % ft 5 £ 0 \Z.FBS%ma bfdo 
MMP2, 9©flWI8m»gelatin^»gtt#$>5^* s 6<^t5gelatin zymogra 
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phy^ (Johansson, S., and Smedsrod, B. (1986) J. Biol. Chem. 261, 4363-43 
66) laottitfc, Afcttfctts *il^*wpJ«OJia»*fc0 v .Wel« ■ 
/ff«rn?«*Lfc..*t»«*l mg/ml gelatin* ;fcfc* 5 y./PT5 Kfcil^C 
N 8%acrylamide gelSr^U^, "SDS*!> T^.? /VT^ -F^A«tiMMI, 10 nM 
Tris pH 8.0, 2.5% TritO.n X-100T?&# t'fc. < Gelatinase^fc/^ V T ~ (50 
mM Wis, 0.5 nM CaCl 2 , 10" 6 M ZnCl 2 ) WXU P«**v l^^^l— R-25 
0, BJQjfflfc * / -A'TJtetfc (B34'jbK*^) 0 C#*N§ (control) , 

T#20i*niAfcJ:<>T"^ 
mm$ftXX^Z.k&t>frZ>o Pane I 

^^^tt}4»MT*gelatin^Sttft«t kXk^t-t&tobtlX^to H3 4 
(T/^/V) 5 fc* SeV/F(MMP#2) Aj4-GFP^^b7tPand lAIPtt* 

2 3] In vivofclfc it SmOBOWfrtM^V^ (MMP#2) A M-GFP©T>5 

• ffll080tf>mtf*— K^?*&tf^bfc 0 BALB /° nude mouse (charles river) 
.©*1W»^>ATt-t hlfeitm m080Sr5X10 6 cell (IX 10 8 cell/ml *r50.|il) 

flfiRttSO^lOO mm 3 *rjtaT©FWiWSeV*B0-|i lfttH^K: 1 

AUfc: MEM (*fft) (N=5) , SeV-GFP (1X10 8 ClU/ml) ^tfMEM (N=5) , SeV 
/ AM-GFP (1X10 8 ClU/ml) ^tfMEM (N=7) , SeV/F (MMP#2) A M-GFP (1X10 8 CIU 
/ml) ^tPMEM (N=7) o 2 B Ufc (B35)-i SeV-GFP 

N SeV/AM-GFP^Ab^^^0^^^b^^^^?im-C#§ (03 5 E 
, H) o • : e^^U-CSeV/F(MMP#2) AM^FPT'f^^-^Si i^m^^tbfc 

(B3 5 K) o .tfc*Lfc%©-Ctt. SeV-GFP, SeV/ AM-GFP^J^ 1 0 1 
3W»*W©^#^ SeV/F(MMP#2) AM-GFPtfWJMS^^Hio* « 
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WFP<D^mc>'ffi^^NIH image. \Z. X^Xh t Mz.„ ^±fcKj$1rZ>GF?m%Lffi& ' 

OfiJ-^^s SeV-^GFP#U0%, SeV/AM-GFP^20%-Cfc5O(C^L-CSeV/F(MMP#2) AM-G 

<Dmfc*m$iu ar<DAm<DFmnm.s^m50iimm±^Ahtc: mem q*=5) 

SeV-GFP (I X 10 8 CIU/ml) ^tfMEM (N=5) ,, SeV/AM-GFP (1X.10 8 CIU/ml «r£ 
t?MEM OH)'.-, ' SeV/F (MMP#2). AM-GFP (IX 10 8 CIU/ml) Sr^tfMEM (N=7) „ 2 0 

(b) . j?^ (c) ?ri 0*5#^n-aijbfc o Bffii^^ mmw 

^Tc/eXabcT'tf^bfCo PBS, SeV-GFP, SeV/ AM-GFP(i#l5iM^# < >feS 
<D\Z& VXs ® 3 7 X^LtcX 0 K^f ^-^^^^S^oTV^fc:SeV/F(MMP#2 
) A M-QFP&^tePJ b fr\tm?&£T'b £ v * fc o It* t t^SK: «t S JfrS^tfc 

2 5 ] F#«|![/F&^M££MSeV-<* ?-<Dftm t SftKWSIfe 
±|BT*fflV^5i^©SeV^^-0^^«F(D^^i$*Sfc*{C7.5/ig/ 
mKDifcV h !J 7 P v'y*5«J:^ 50U/ml<Ocollagenase^V^fc*f Ife-eig^ 

i-f^SeVSrlUllJlt, F#H^SeV^f^Lfc 0 

^fleftfcWU 10cm disht LLC-MK2/F7/M62/A^ISS:confluent|J:i§#LfCo ^Jfe 
#1 1 7 -CflMS Lfc&F&^M^MSeV £rMoi=5{£;& 5 «fc p l£$gfc£-£fc, 1 B#M& 
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% ±m^m2wismmmvm^tc 0 4mi w*ti*tt"*mki>iu sb* 

, ±»*&®JRU JMWA^Kfc** * ^ ^ Bovine Serum Albumin. (BSA) £ ' 
Jqfcfc. HAU titer*«S«, 4M*W<TCT?ft#Lfc. ^tl^ttOF^W:^ 
MSeVJi 2 7 ~2 10 HAU/ml (1 HAU = 1X10 6 particles/ml <D$J 
fr^ccr? IX 10 8 ~1X10 9 particles/ml jnffi^S) ©IID-eSlR*^;*^^ i 

9 1X10 8 particles/ml fcfc^fco ; 

Exogerieous experiment©^ ' OXHIB^iHW*; SeV/F(MMP#2) AM-GFPte, 
MMPflt^ttfcx SeV/F(uPA) AM-GFP&, uPA*7t{itPA^#^^^-f 5^<^ ^-"^ 

f1^^#fcw£#?fcRc$tl/fc. (exogeneous protease tf>-r— ^tt^&fcV'O e MMP 
,^m»HT1080, tPA^m»N28, 7>P:rT-i? Ztet ^^LW^SW620-e 

x /pf r — if £ S^iRtfJ^^t^ ^ ^ ^endogenous experiment 
'.t^^fc (0 3 8) o SeV/F(MMP#2) AM^FP^MMP^m^TlOSOT^^btL 

Z>1>K tPA^m*MKN28-e«, «^^btb^V\ SeV/F(uPA) AM-GFPii, tPA3§m 

Wm28X^mm^htl^K MMP^m^HTip80TiM^^^^V\ 

[|I»J2 6] Human fibroblast^ 5MMP3, MMP7^fc£5F&»^MSeV 

SW480& «fc tflffiDr {^fibroblast t % t < iiin vivol?©^^ £ o 
tl-=etUMP3, MMP7^f|^$i^^^i:^$tl-CV^S (Kataoka, H. et al. (1997) 

Oncol. Res. 9, 101-109; Mc Donnell, S. et al. (1999) Clin. Exp. Metastas 
is. 17, 341-349) 0 Ztlt><DMZtiioXin vivoT^&m**&MSeV^ 
m^&WfcfZ>frZ ofrM^tc* 96 well plate K^tl^tlOffiM®M*cor>£l\ie 
nt (5X10 4 cell/well) KftZ £o\^mVtc 0 MEM~C 2 le]5fc##> 1 HAU/ml (1 

HAU=1X10 6 particles/ml <T>*? 4 fr7$L=i- ^^UT 1X10 6 particles/ml) ©F 
^^MSeV^MEMS:50/zliP^, ^£i*rfc e 5X10 4 cell/well KlftScfcM- 
Normal human lung fibroblast (TAKARA) 45 ^37 < GT'^«b7c (H 3 9 
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1 

) 0 SW480££:U^ibr&, h t> fchuman f ibroblast£ co-culture^ 6 Zkfc'&^X' 

2 7 ] ■ t h^S)Ji¥?l^^liS->^F^^^SeV-<^ *-<DMMPil}R 

£tl/TV^ (Galis, . Z. S. , and Khatri, J.J. (2002) Circ. Res. 90, 251-262; 
Martel-Pelletier, J. et al. (2001) Best Pract.' Res. Clin. 'Rheumatol. 15, 
805-829) o .-. t '■' • • • 

;ft;feSSeV^?£— <7>MMPll^!ftlS^£f^fco 96 well plate \C human smooth m 
uscle cell (TAKARA) ^confluent (5X10 5 cell/well) KftZX 9 Kt%mVtc 0 
MErC2[k]&8^ SeV (F^^M: 1 HAU/ml (IX 10 6 particle/ml) ^MEM£5 
0Ail*Px.s mmZ&tCo I^*50m1^^^T--^^MEM^PX., 4g^37 c CT^ 

m ufco imm 2 ommhtc v <D^?o^m l-cv^m£# ? y v vtc as 4 o ) 

• ♦ ■ .. . . 

0 SeV/'AM-GFPT^trypsin^ 

N SeV/F(MMP#2) AM-GFPTiicollagenase, MMP2, MMP3, MMP9^<£^l^;tjlL 
[HJfe#I 2 8] F^M^^MSeV^^ ^ — (D^xi^T—^W^^m^: 

X<DV>7})>?imT<D%feXft<>tc 0 SeV/AM, SeV/F(MMP#2) AM, SeV/F(uPA 
) A W> 3 3l$j§<£> A'.xS- 1 ?- £:M0I=3"CM^ :/^^Ufc^/W^H^)l&Ja^£ 
■£fc e ^2B^ N ±^^Hm5lU xl8500 g ^3B#^3s'i>U ^tfcSg^SrPB 
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ST-Htt/v^LfCo %ft?ft<DVJ/VXmmm\Z.7.5»gM WfWs 0.1 ng/m 
1 MMP9, 0.1 ng/ml uPA(0^«^^6 £ 5 I^O^T^^U 37^ 30 • 
min t^^y77-S:in^ SDS-PAGE^V7Vv£ Ufc 6 SDS-PAGES. 

^^^^^^V^n^^^y^^^i^oT^foyb (Kido, H. et al. Isolati 
on and characterization of a novel trypsin-llke protease found in rat bro 
nchiolar epithelial Clara cells. A possible activator of the viral fusion 
glycoprotein. / Biol Chem 267, 13573-9 (1992)) 0 m*t^#&30<Dm 
&&&'<7*f'\ : (FFGAVIGT+Cys: .117-124, EAREAKRDIALIK: 143-155, CGTGRRPISQ 
DRS: 401-413; Ztl^ftMW&^r : 4 6 , 4 7\ 4 8) Sr^L^LJkft^#7t 0 
. 2«^{Cf*Hm>^^^f-^IgG^^ (ICN, AUrola, OH) £ffiV\ m&<D&m\Z 
(ECL Western blotting deteciion reagents; Amersham Bioscienc 
es. Uppsala, Sweden) .fc^fco @4 1l:t F§:^L-rv^^V^M^^SeV 

(1, 4, 7, 10), F^MMP#2 IB^^jfAU^M^^SeV^^- (2, 5, 8, 
llK F^uPAgE^^ALfcM^MSeV-<^^- (3, 6, 9, 12) fcifB^nx 
T-^T'37 t C, 30 #f P WILfc££ (D&m^ZftX^Zo 

m4 l frb&fcZZo^ ^y7 p i/V#&T-C^iF^Q^C^L-CV^V^M^MSeV 
^*-T\ MMP«T^^F(CMMP#2 IH^#AL*:M&£:MSeV : <<* *-i X\ u 
PA#^TTiiF^uPA|a^J^#AUfcM^^MSeV-<^^--X% m^frblf Abfc:/ 
nxT-i?SJI«o-C, Fl^©IPi§g^-oTl^c 0 ^Wi^ftV^uPAia 
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XF0^>7* : s*~^z^&%t>ZZk1!)m^h%k£h'£^Z> (Russell, C.J' 
Jardetzky, T. S. & Lamb, R. A. Membrane fusion machines of paramyxovirus 
est capture of 'intermediates of fusion. Embo J 20, 4024-34 (2001)) 0 

;^^(t*3V^F*3 iOT^JI&W'K^ << y (cytoplasmic domain) £iJ5 k*z , 
(DB&1feft±.ft1'Z^ % % ii 2tlX^Z> (Cathomen, T. , Nairn, H.Y. & Cattaneo, 
R. Measles viruses with altered envelope protein cytoplasmic tails gain c 
ell fusion competence. J Virol 72, 1224-34 (1998)) 0 ;V%\Z.%> 

'k&^Vfefft&Xss pCAGGS^m^^^- (Niw,a, H. et al. (1991) Gene. 108: 
193-199) fciiftitUfclk P CAGGS»HN?r^^h7VX7ac^>>3^b, %<D 

FOcytoplasmic domain*: M ofe'^H^jt^tt^ It©^v>-iaoT, 

•^ti^pcR^m^ Br/t&xho i, Not i *q.s#, pCAGGs^^^-^y-r y-v 

ayVtc 0 Fct27 primer (5\-CCGCTCGAGCATGACAGCATATATCCAGAGA-3 > /ia^'J#-^ : 
4 9, 5' -ATAGTTTAGCGGCCGCTCATCTGAT(TrCGGCTCT /IB^'J#^" : 5 0), Fct 

14 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /IB^J#-^ : 51, 5' -ATAGT 
mGCGGCCGCTCACCrTCTGAGTCTATAAAGCAC-S'/ia^^-^ : 5 2), Fct4 primer (5'-C 
CGCTCGAGCATGACAGCATATATCCAGAGA-3' /mm^ : 5 3 , 5' -ATAGTTTAGCGGCCGCTCAC 
CnCTGAGTCTATAAAGCAC-3' /BK?IJ## : 5 4) (Kobayashi M et al. J. Viol. , vol 
77: 2607, 2003) o 

mjm&&V>WfeC>fc*>* LUM2h b< »HT1080&JS£24*:n/l^V~- h^con 
fluent d^S^^Kl^V^Co 50^1 0pti-MEM^LT3M 1 Fugene64r$R£'Lfc. 
#pCAGGS^m^7^$ K^/ig^i^pCAGGS/EGFPSf*!'^ 0pti-MEM£Fugen6 
©jB^fcldbDfcfc, • Mt?15^MiiWl«s 500^1 MEM^i^M^mb^^* 
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,v7u-Y^mnLtc 0 37^, 5«co 2 X'zmmmm&s mmoom^ »fbswm 

EM, aCMK2(D^7.5/ig/ml Trypsin^ U< tt#3fe$^fc«ft©collagenase type • 
IV (Clostridium) *Wfl LfcMEM^-S^ 48l*W*«tv «4W«M»© 

m% Paraformaldehyde®^^^ B#IW«, 70% .^/-/l/, &@7K1I&ftx 
heMtoxylinftfeSrflo*:*; ^U,^^^*»*ttV^0.3 cm^fc 

3@m©F<D«® V©^**fcT-$ /ifeE5l*H4..2 (AMC 
*ffl&*HB4'2 (B)fc7j*1-o m4 2 (B)T^-TJ:9i-, F¥»^rttteb;MM&ttfc 

4 LT*3 9 % $521^^ KtU ^ (Ectodomain) & £ tW >v<* H 
£^ UXffiS^ VCV^ - 2: #8>JWCfcoTi*5 (Plemper, R. K. , Hammond, 
A.L. & Cattaneo, R. Measles virus envelope glycoproteins hetero-oligomer 
ize in the endoplasmic reticulum. J Biol Chem 276, 44239-46 (2001)) . 0 

Nt»S**5:i:W^ J; 9^«Oil5V^^-©fSH«riK*fc. Fttn 
S©R*W<*-e*>!K HNttlS©K*^>**^fc*-** V® 4 3(A) T?^1- 

^/^fcfERLfc (Fctl4/HN) 0 F^y^^ritt^H^?iBd*ofcFctl4«rffiV^o P3 
HW©2o©^ 2"<* ©WKSOT ^ y V ^%<-mn*&AVtc (Fct 
14/Linker/HN) 0 r©y y*^i«^i^»if©^^7(a^n^ 
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&#fcfcl>E?J"C&>So (Simian immunodeficiency virus (SIVagm) <Deriv<Dcyt 
oplasmic domainOT $ J ^IB^JC>N^ffi t C^^MK LX&& Ufcnon-sense ft 

/HN^pt y^V^it^fcpCAGGS^ *-lC*g^Lfc 0 Fft^XtWMtfe^K: 

o^T^ft^tiPCR£fi:V\ 2oO^f>i-^pCAGGS^y-l > ^i/3y,L^ 0 , 
..r\' i . ; • • ' • 

F /HNiifrfzx-?- PtQ It 150 bp ©.yV^7— Jt^f- (50 amino acid) £r#A.Lfcfctf\ b 
' • ' • •. • i 

ftVfcOfcftsRUh. SkTltyjj ^<pmm&7frf 0 Fal^7 P 7-r^-(F-F: 

5' -AT(X^GAATTCAGTTCAATGACAGCATATATCCA,GAG-3' /1B^'J#-^ : 5 5; Fctl4-R: 5' -AT 
CC(X:G(K:CGCCGGTCATGT(XiATtACCGAmGC-3Vffi^J#-§- : 5 6), Linker/HN 3&fc=f-'7 ' 
74^>— (Linker-HN-F: 5' -ATCCGCGGCCGCMTCGAGGGMGGTGGTCTGAGTTAAAAATCAGGAG 
CMCGACGGAGGTGAAGGACCAGAGGACGTCMCGACCCACGGGGAMGGGGTGMCACATCX^ATATCCAGCC 
ATCTCTACCTGTnATGGACAGAGGGTTAGG-3'/IB^J#-^ : 5 7, HN-R: 5' -ATCCGCGGCCGCT 
TAAGACTCGGCCTTGCATAA-3'/SH^IJ#^ : 5 8), HWtGHfT^ t (5' -ATCCGCGGCCG 
CAATGGATGGTGATAGGGGCA-3'/@B^J#-^ i 5 9, 5* -ATCCXXXKXXXXTTMGACTCGGCXTrGC 
A-3'/ia?lJ##: 6 0). ' , • , . ' 

m 4 3 (B) T^i-i 5 y is*H&ffl<Dt&'^* J 9 fs*9 Xitm^M^B^ 

yi-^ztKit^xm5m^<Dm^mmmmm^±^ir^^tibmmvtc 0 

^Df7-f fcioTF^y/^f ^ 2o0t^5' h (Fl, F2) fcB8§H"5r. 
i#^RT^t?feSo H4 2*5 J: #4 3X1* b V :/^V#&T^©ltel65rfc!lJ£L 
-CJ3 V) % by ^ , 5/V«S3fcV^«|-Ctt^< »£tB#fcV\ Hi 4 3 -C* UfcFctl4/Lin 
ker/HN** 7 * jWtfcfiFttfcB^*IBSr»«'i-* i 5 fc, F<D^IE?iJ<Z>& 
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MOW&lfcttVX&M&^fytCo QuikChange 1 " Site-Directed Mutagenesis Kit ( 
Stratagene, La Jolla, CA) KlJ:oTB4 4 (A)tfU 5fcHiaB|Stt©T-5 /WiUn ' 
SrBfc^Ut, r. bfc ^ £ ttu ^D77^t cfc 5$]^#<£>Fusion pe 
ptideOE^J-CfeSo .^7 ^ ^ y «7^/V^(DF^y^^«(DF10N^^^6^Fusion 
peptide £Pff£*U ^(Dit^tt^S^fc^.'^O^OT^y^O^^, F 
^l/^%(Om^^X^t^^t^^^htm^^X\^ (Bagai, S. & L 
amb, R.A. A glycine to alanine substitution in the paramyxovirus SV5 fusi 
on peptide increases the initial rate of fusion: Virology 238, 283-90 (19 
97)) o ^Ofefefi^^^|^$tvTV^^Fl(DN^^la^J^4^^*^^#^•^. 

wgpnifcM-biMPp&&mnk lxx < *atbfax^z>mmxh%> 0 zommt^t 

Sh&&&%tLXlfimiStlX^%mmXfoZ> 0 MMP#2, 6(4, MMP2, 9<0##P£SCP 
LGWScDgE^J&^T — '^^/W (phage display) -CPjb^^ofcMMP9(C 
ft-$-Z>=iy±l/y-Xmi\ Pro-X-X-Hy-(Ser/Thr) K Lfc^oTPLGMTS, PQGMTS i 
&^Lfc (ZtlZ'tlSffltt-: 6 1*5il^6 2) o MMP#5&Shneider (Am 
erican Society of Gene therapy, Annual meeting No. 1163 2002, Boston) <fc 
9PQGLYA (IB?lJ#-5§-: 6 3) t Lfco MMP#4«^#<^Fusion peptideOSB^J^^ 
^£ftftV\ MMP#7f^MMP2^1-5phage displayt'PJ b/Ncftofc|B?IJ-T?fc5o 

3fl&^Ut e F/HNj|4^t^^^^#, pBluscript F/HN_hT\ V(DmmkW$L<D 
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^M^AUfCo ik<^*Al-(*> QuikChange™ Site-Directed Mutagenesis Kit' 
(Stratagene, La Jolla, CA) SrflJJB LTKit^fB^O£&«oT*To*: 0 £R 

F(MMP#1) : ( (5' ^GTCACCMTiGATACGACACAAMTGCCccTctTggCCtGggGttAncn GC 
TGTGATTGGTACTATCG-3'/SB^J#-§- : 6' 4, 5,' H3GATAGTACCAATCACAGCACCGAAGAATaa C 
ccCaGGccAagAggGGCATTTTGTGTCGTATCAtTGGTGACAG-3' /@B^!i#77 : 6 £) > • 
F(MMP#2) : (5' ^GTCACCMTGATACGACACAAMT^ 

GTGATTGGTACTATC-3 , /@a^lJ#^- : 3 2, 5'rGATAGTACCAATCACAGCACCGAAGAAaCTCGtCa 

tGccAagAggGGCATnTGTGTCGTATCAnGGTGACAG-3' /ia^J#-^. : 3 3) , 

F(MMP#3) : (5' HSTGTCACCMTGATACGACACAAMTG^ 

•i , -' . - • 'i 

GTGATTGGTACTATCG-3' /SS^IJ#^- : 3 4 , 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCc 

cCaGGccAagAggGGCATTnGTGTCGTATCAnGGTGACAG-3' /@E?lJ#-J§- : 3 5), 

F(MMP#4) : .(5'-CAAMTGCCGGTtHm^ : 
3 6,5' -MTCACAGCACniMGMTCcCaACgGGGGAGCACCGGCATTTTG-3' /IE?IJ## : 3 7 > 

F (MMP#5) : (5' -CTGTCACCMTGATACGACACAAAATGCCccTcagggCttGtatgctnCTTCGGTGCT 

GTGATTGGTACTATC-3' /@B^lJ#-^ : 6 6, 5' -GATAGTACCAATCACAGCACCGAAGAAagcataCa 

aGccctgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3'/IB^J#-^ : 6 7) 

F (MMP#6) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCGAGtTTCTTCGGTGCT 

GTGATTGGTACTATC-3' /|B^J#-t : 6 8 , 5' -GATAGTACCAATCACAGCACCGAAGAA aCTCGt 

CatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /@B^J## : 6 9 ) 

F(MMP#7): (5'- CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGC 

TGTGATTGGTACTATC-3' /E?B## '-7 0, 5' -GATAGTACCAATCACAGCACCGAAGAAagcCGt 

ataGtaAgcAagGGCATTTTGTGTCGTATCATTGGTGACAG-3' /IB^J#^" : 7 1) 

F (MMP#8) : (5' H^GTCACCMTGATACGACACAAMTGCCccTctTggCttGgCGAGanCTTCGGTGCT 

GTGATTGGTACTATC-3' /IB^J#-§- : 72, 5' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcC 
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aaGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAfr-3' /IB^^H'S" : 7 3 ) 
'/h^C^ia^^^A^^^t-CV^o 3fe£fc> EcoRIT^OWU, pCAGGS^- 

Ztl?tl<Dmmtt1-Z^?-kWW^te*%^Z^*~ (pCAGGS/EGFP ( 

) *mmm&u MMP&;ip^LTi^mo8o,,k^ 

A£7&$Lfc (04(B)) „ ^ttWIB^Jfc*®-t'$>50{^ ^PfT^ia?. 

Fi* y/N^ <DN^^Hy-s/T-s/Tga^iJ (trrs): Wjq^^Swt-efcSo 

-©rti 9Hy-S/T-S/T@a?!J (#(-MTSiH^iJ) | pm\lX»htl&. HT1080*^MMP 

#0^^^4 : %«f-bTV^5W^^4^V^^^btt6o — ^ MMPfl, #3, #4, 
'#5, ,#7, &«fctf#8tf>#£\ «H!ll^^<^btb^^orh 0 MMP#4^<i-^T 

& r. t Futmtetit. 3 r $ j m^zf^ Yfrwmwt^^tv 

7*— .^ftTF&fcV^ HT1080tf>Phorbol esterfc<kSMMP^9J^ioTMMP#4^i/ 

§ b r. OMMP#2, #6(D@a^J^>B^^Jt<fe £ i IdteOFusion peptideIE?lJtf> 
N^S3» h 7 # S * 12# g ©BarfcGd* feA^&SE Lfcffi^IfcoV 
ttJifilM&llk^«*afeU*:(H4 5) 0 ^©F/HNtt^t^F^fg^AKl^ffibfe- 
y rf (DgB^IJfi. 5' ^TCGGTGCTGTGAnGcTACTATCGCACTTGcAGTGGCGACATCAGCA 
C-3' .OE^U**': 7 4) fectl^ 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACA 
GCACCGAAG-3' (E?!l#* 7 5) TfcSo /hS**IB^ft«A*06«r*brVN 

AGGS^y^ >a i £ lnJ: 9 frftofce 
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/<?(D%k&m<D±.%-1~ZMgk LX&£&tlX^Z>Gfrbk^<D£M (Peisajovich 
, S.G., Epand, R.F., Epand, R.M. '& Shai, Y. Sendai virus N-terminal fusio 
n peptide consists of two similar repeats, both of which contribute to me, 
mbrane fusion: Eur J Biochem 269,. 4342-50 (2002)) b^.ALfcH^ (# 
6G12A) N 1 0^imT«/>,;LTL*ofc 0 £ftb'£>*£m« s 7* 

mm^n^^'^^^-r^^t^nmxh^o c^pcaggs^^u^f. 

ctl4/Linker/HN©=3r^ y^W^XWm^'B^^^'t^ £ ^ 

mmM3 2] a^^±#^*7t^^MF^M^^SeV^/AcDNAOm^ 
2 9*3 £tf 3 0 fc&l vtpCAGGS^ *-{dg«LfcF&&^-r5 Z t K£ 

^fH^^-tl^ot, li£i££±#£*fc&&MFft^AM SeVtf>f£$!l£f* 
fytc 0 &&^F&^M£&MSeV^V AcDNAOit^^^^TO^T^ofCo Se 
V/F(MMP#6) AM-GFP^MbT(^ UMMl 6 £ ^ ofc 6 F5t^-0 

^^#Attia^J#-^ : W^f- K£^V\ LITMUSSall/NhelfrgAM-G 

FP±"CQuikChange™ Site-Directed Mutagenesis Kit (Stratagene, Lajolla, CA) 
^JfflLTKit \Z.^MO)1om\moXfiotz. 0 ^II^ALfcLITMUSSall/Nhelf 
rgAM-GFPOSal I, Nhe I M©77 V Y £F^«l£EGFPit^£f£ 
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^UfcF^MirV^!>^>V^^^/^cDNA '(pSeV+18/F-GFP:Li, H et al J. 
Viol. 74, 6564-6569 (2000), W0000/70070) <£Sal mXMie I^mithtzW^ ' 
ttSW??* vy**? 4 SeV/F(MMP#6) AM-GFPOccjKA^^L 

tc m 4 6 ) 0 F* y^Sftf>«SC ^£>28T ^ J mzk&zttvfrim't 

yJfJVJsVX (SeV(TDK),/Fctl4(MMP#6) AM-GFP). *3 it^F/HN^ * 
b^M^^M-fe fr* (SeV (TDK) / Fct 14 (MMP#6) /Linker/HN A M-GFP) 

(D^tt^/V^^l3-^y^W>^^^^>^cDNA (pSeV(TDK)fc^-r) ( 
#112002-272465) bfc 0 FfyAfKaMbR Krf* Vfctrancate 

LfcMfc&SH^^ ^^;V^SeV(TDK)/Fctl4(MMP#6) AM-GFPtt&Ttf)* 5 
tfco TO&ttftfcl-Sfcfc* *-fpSeV(TDK)/ AlHSFP'Sr^R Ufc. LITMUSSall/Nh 
elfrg AlHSFPfcttSfc bT^J&T^ (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCAT 
GGTGAGCMG (SB^J## : 94) fcGFP-EIS-BssHt I : ATCCGCGCGCCCGTACGATGAACTTTCA 
CCCTMGTTmCTTACTACGGAGCTTTACTTGTACA^ (SB^J## : 95)) .fcfeoTPCR 
fc±oT*ttLfcGFP/ElS (KWft^^Wa-Kt* ElS^fcftJPt 
fySPP) t-r'A^-'fv^- ~V>f^4 YfyfA !M7V*cDNA£NheI, BssHIlMS^ 
U 7WyK?: 7^y-v- 3 y-r2)-^t-<J:oTM^^^^GFP{cSmu 
P SeV(TDK)/AM-GFP£f^Lfc 0 ' 

£ h mHJfe^J31"efNR L /cpCAGGS/Fct 14 (MMP#6) /Linker/HNSr^Sfc UT^?* 
7^-Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG OE?0## : 96) > . .RtfFctl 
4-EIS-Sal I: ATCCGTCGACACGATGMCtTTCACCCTMGTTmOTACTACm G 
GATTACC : 97) fcftotPCRK: £oTi|i|'gLfcFctl4(MMP#6)£F»£W 

frt>V)\C?(DtiLW\zmA, WfcU P SeV(TDK)/Fctl4(MMP#6)AM-GFP^^Lfc ( 

m4 6) 0 (pSeV( 

TDK) /Fctl4(MMP#6) /Linker/HN AM-GFP) (0fll^&fTofc o GFPSr^Ml- 
-f^j^ (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG : 98) £ 

GFP-EIS-Sal I : ATCCGCTAGOXXJTACGATGMCTTrCACCCTMGTT^ 
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CTTGTACAGCTCGTC (gE?lJ#-5§- : 99)) $M£oTPCRK: ioTitipgU^GFP/EIS^^/V 

hiry^^^^cDNA^Nhe I, Sal I&S&U 77^ 
y h £ 7 3 y-TZ> w ^ ± oTMst^*5 XTfFltfcttkiklS^ • GFP 
'pSey(TDK)/AMAF-GFP^WLfe 0 $ b^^MJ31T^UfcFctl4 
(MMP#6)/Linker/HN^^M^LT, ^(F/HN5' Nhe-F: ATCCGCTAGCAGT 

TCAATGACAGCATATATCCAGAG (@E?lJ## : 100) , F/HN3' Nhe-EIS-R: .ATCCGCTAGCACG, 
ATGMCTTTCACCCTAAGT^^ (IB^J## : 101) )& 

&o -CPCMC i o.TlStt LfcFctl4 (MMP#6) ^Linker/HN£±iB(&pSeV(TDK) / AM A F-G . 
FP^Nhe . JMtitiZ. 7 A ffy *S a J'iT* -^^o XpSeV (TDK) /Fct 14 (MMP#6) /Linke 
r/HNAM-GFP^^LfCo ■>.'.'' 

H»J 3 2 LfccDNA/5> b <D V 4 A?* on^J&fe Li (Li, H. -0. e . 

t al. , J. Virology 74. 6564-6569 (2000), W000/70070) ttotffofco L2>> 

RTtl^W^-^k Giafcmi) «r^U^\^/W^iWiafWK:ttCre/l<aP 
Mfl^^TA^LtV^S.' ^V^XfriCre DNA V ayVT—^fcZ. 
9a^m^^fl^m^6J:5^t{-^nfc7 ff 7^5 KpCALNdLw (Arai, T. e 

t al. , J. Virol. 72: 1115-1121 (1988)) SrfllJS Vtch Ot'fc «9 , ^^7^5 K 
Ob7^7t-vV M-Cre DNAP ay If?— ^%mtfr%m&®:X-T ; T S V 4 
)V7^ (AxCANCre) £Saito b (Saito, I. etal., Nucl. Acid. Res. 23, 3 

816-3821 (1995), Arai, T. et al., J. Virol. 72, 1115-1121 (1998)) "Wffife' 
■ FO^bgPi4^^mbfcM^MSeV(DS#^^ 
gjiT^i P^tTofCo LLC-MK2»^r 5X10 6 cells/dishTn00mm<DV^— Hdt 
# N 24R$m*&lflL y^V-y (psoralen) fc'*ft***lft (365nm) 
LfcT7# y ^ 7— \Z*$mirZ> V a yifty h9 ? */~7 «7 (PLWUV-VacT7 
:Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 
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ZmUyimm&Zltt (MOI 2), o «=lr^iL^^MEMT ; ^Lfc^ ^7* 
5: KpSeV/F (MMP#6) A M-GFP (ifeV ^ &pSeV (TDK) /Fct 14 (NMP#6) A M-GFP, pSeV(TDK)/ 
Fctl4 (MMP#6) /L'inker/HN A M-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al 
., Genes cells .1, 569-579 (1996)) pGFJbW]tfpGEM/F-HN (Li, H.-0. et al.,. 
J. Virology' 74; 6564-6569 (2000); W000/70070) ^^T^tVl2|zg, Aug, 2 m g 
, 4/ig, 4/z gSt^4/ig/ / dishO4Jtt»0pti-MEM (Gibco-BRL, Rockyille, MD) '\Z , 
1/zg DNA/5/zLt@^OSuperFect transfection reagent (Qiagen, Bothe 

ii, wa) zxtixm&u mmkis&m%m&* m^mm fbs §ra t^opt i-mem 

L N 40/zg/mL<£>. Cytosine |3 -D-arabinofuranoside (AraC : Sigma, St. Louis, 
MO) RW. 5/x g/mL<DTrypsin (Gibco-BRL, Rockville, MD) ^^tfMEMT^^.Lfc 
o 24mmmW&', 8.5X10 6 cells/dishfcfc«?lCF^e^ic^m-rS» (LLC-. 
MK2/F7/M62/A : MMffl 1 2 ) &MM U 40 » g/mL<£> AraCRW. 5 n g/mLOTrypsi 
n^nmMX^Z. 2 0 P^37°C-etg* Lfc (P0) o -tl b ^^^^HWX U ^ 1/ y 
h &2mL/dishfcfc*> O 0pti-MEM{C^L7to ^ife^^SHJ^^^^bTt^^ 
7 y{ -if— h (D $. £LLC-MK2/F7/M62/A*C h y i/* 7 * ^ */ a ^ U 40 n g/mLtf> 
AraC N 7^ 5 ju g/mL(DTrypsin^t^50U/mLOtype IV collagenase (ICN, Aurola, OH 
) (pSeV (TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP<£>^lr£-trypsin£>#0 ifajf 5: 

^^V^MEM^V^32 < CT^*Lf^: (PI) 0 3~ 1 4 0#i#$l±?fO-|H5££ »K 
if7^^^bfs:LLC-MK2/F7/M62/AM^$ii: N Mug/vLO AraC, 7. 5 /z g/mLOTry 
psin&tf 50U/mL<Dtype IV collagenase (pSeV (TDK) /Fct 14 (MMP#6) /Linker/H 
N AM-GFPO^trypsinO^)Jf[L^i^t^V^MEM?:^V^32 £ C-C^bfc (P2) e 
3 ~ 1 4 0^}Cfffc^SLfcLIX-MK2'/F7/M62/Aj3l#S^^*> 7. 5 \i g/mL<DTr 
ypsin&t>'50U/mLtf>type IV collagenase (pSeV (TDK) /Fctl4(MMP#6) /Linker 
/HN A M-GFPtf>^trypsintf>30 jfiL?jt%^£ ft V ^MEMSrffi V ^32 < CT* 3-70 
Lfc (P3) o 0J|XL7t^±M»^l%{-^5J;5^BSA^^nL-8O o C{CT^ 
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'#±©±5^ FSSItMSfSUttSrPLGMrS (E3«* : 61) d^PQGMTS (IE?iJ# ' 

-5§-:62) fcLfcSeV/F(MMP#6) AM-GFP, cytoplasmic domain /WtifoftS 

eV(TDK)/Fctl4(MMP#6) AM-GFP, *5«tt>T/HNOdr^ 9 * £J«LfcSeV(TDK) 
/Fctl4(MMP#6)/Linker/HNAM-GFPO^ei^L , fCo 

[^Sfi-W 3 4] fc^&mX&Q't*?'*' 'WW** ?-<DW&ft&<7>± 

Mffl&&M*mfeL>1t (04 7) „ #MlHfi (HT1080, U87MG, A172, U251, SW 
480, LLCMK2) £{fc^fc «t 0 *f a* $ ftfc#ift-C24well plate^conf luent fcft 6 .£ 

' 5fc*Vvfc. U87MG (ATCC NO. ,HTB-14), A172 (ATCC No. CRL-1620) WiKCX <0 
ffiAVtCo U251 (IF050288) &JCRB cell bank £«9lflALfc 0 MEM^JftT? 2 H$fc 
-ett^n^M^^-feV^.^^/^^V- (SeV/AM-GFP) £:M0I=0. l~C 

m&istto mmx* l^mnm^. wmmx»m&u 0.5 ^<oi%FBsmixamt:u 

well platefcJn*.*:. ttftMJg**, ftlS««M*©X00«W*)*: *) (0. 3 cm 2 )© 
iSfe-gr Vtc^yy 9 sf~ V &(D%Vk% bfc 0 it< f*4%ParaformaldehydeSr^ffl 

LT2B#W@£8^&frftofc8L 70%^^y-/K M^U^s 5^^hematox 
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Met Thr Ser 
1 



WO 03/093476 PCT/JP03/05528 

' 2/55 



<210> 2 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 



. i 



i • 



<223> artificially synthesized sequence for proteolytic cleavage 



<220> 

<221> misc_feature 

<222> (2).. (2) 

<223> The ' Xaa' at location 2 stands for, Leu or Gin. 

<400> 2 
Pro Xaa Gly 
1 



<210> 3 

<211> 6 

<212> PRT 

<213> Artificial 



<220> 



WO 03/0934.76 . ' PCT/JPO3/05528 

3/55, : , .' , 

} ' , . t ' • i * 

i 

<223> artificially . .. . 

synthesized sequence for proteolytic cleavage 

<220> •' .'*'•." 

<221> misc^feature ( 
<222> (2)'. . (2) '• 

<223> The 'Xaa' at location 2 stands for Levi or Gin. 

• • ' i 

<400> 3 »'•■ •, 

Pro Xaa Gly MetThr Ser • " 

l • ; 5 

. • ' ' ' . ■. 

i ' ■ ' ■ 

<210> 4 

<211> 5 • 

<212> 'PRT , ' 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 
<220> 

<221> misc_feature 

<222> (2).. (2) 

<223> The 'Xaa at location 2 stands for Leu or Gin. 



WO 03/0934'76 PCT/JP03/05528 

4/55 

'• , 

l ' • ' . 

<400> 4 ' 1 / 

Pro Xaa Gly Met Thr . • 

1 5 ; • • 

. r 

<210> ' 5 

<211> 4 . 

<212> PRT 

<213> Artificial 

' - '* . ' 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 5 ■ , 

Pro Gin Ser Arg 
1 

<210> 6 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 



WO 03/093476 ' PCT/JP03/05528 

- • ■ ' 5/55. " . •' .' , . 

1 ' ' . « ' 

1 * . • • ' • ' • ' 

( . 

<400> § : ' '",/ -'. .. . 

Val Gly Arg, 

i . 

i 1 . ■ 

1 • ' ■ 

t ■ • 

• ' . ' 

I 

. i • • * • . 

<210> 7 ' • • V • 

. .(••.', i t < . 

<211> 3 

■ • ... . • 

<212> PRT 

<213> .Artificial ' 

• . • • 

... • ■ , . , • ■ t 

<220> " : " ; , • 

<223> artificially synthesized sequence derived from Sendai virus 

• 1 

<400> 7 

Gin Ser Arg • 

1 ' , ; 

<210> 8 

<211> 10 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



WO 03/093476 



6/55 



PCT/JP03/05528 



<400> .8 



ctttcaccct 



10 



<210> 9 
<211> 15 
<212> DNA 

i 

<213> Artificial 



<220> .' 

. . . . • " • • • 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 9 

tttttcttac tacgg 



15 



<210> 10 

<211> 18 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence containing Not I site 



<400> 10 

cggccgcaga tcttcacg 



18 



WO 03/093476 



PCT/JPU3/05528 



7/55 



<210> 



11 



<2U> 



39 



<212> 



<213> 



Artificial 



<220> 

<223> artificially synthesized sequence ( used in site directed 
mutagenesis of the Sendai virus 



<400> 11 

gaaacaaaca accaatctag agagcgtatc tgacttgac 

t 1 

<210> 12 
<211> 39 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 12 

gtcaagtcag atacgctctc tagattggtt gtttgtttc 



39 



WO 03/093476 



PCT/JP03/05528 



8/55, 



I I 



<210> 



13 



<211> 



31 



<212> 



DNA • 



<213> 



Artificial 



<220> 

<223> artificially synthesized sequence used im site directed 



<210> '14 
<211> 31 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



mutagenesis of the Sendai virus 



<400> 



13 



attacggtga ggagggctgt tcgagcagga g 



31 



<400> 14 

ctcctgctcg aacagccctc ctcaccgtaa t 



31 



WO 03/0934^6 PCT/JP03/05528 

9/55 



. i 



<210> 15 
<211> 33 
<212> DNA 
<213> 1 Artificial 



<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus • 

<400> 15 , 

ggggcaatca ccatatccaa gatcccaaag acc 33 



<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 16 

ggtctttggg atcttggata tggtgattgc ccc 



33 



WO 03/093476 ' PCT/JP03/05528 

.10/55 . .' , 

.»■'.. i ' ■ ■ 
I 

" ' • ' ' 1 , * t . 

i 

i » 

<210> 17 ■ . • 

<211> 37 ' 

<212> DNA • ' , 

<213> Artificial . 

■ ' . ,' • 

• ' •. • • 

<220> ' . • 

<223> artificially synthesized seqiusnce used in site directed , 
mutagenesis of the Sendai virus • 

'-. ' ' '♦. . " 

, ■ . i 

<400> 17 

catgctctgt ggtgacaacc cggactaggg gttatca 37 

<210> ' 18 
<211> 37 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 18 

tgataacccc tagtccgggt tgtcaccaca gagcatg 



37 



WO 03/093476 PCT/JP03/05528 

11/55 



<210> 19 . 
<211> 41 

<212> DNA . ■ < 

<213>' Artificial 

1 1 

<220> , ; 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

... , . '. . 

<400> 19 , 

cttgtctaga ccaggaaatg aagagtgcaa ttggtacaat a 

<210> 20 ' 

<211> 41 

<212> DNA 

<213> Artificial 

artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 20 

tattgtacca attgcactct tcatttcctg gtctagacaa g 



41 



WO 03/093476 



<210> 21 

<211> 14 .' 

<212> PRT 

<213> Artificial 



PCT/JP03/05528 



12/55 



<220> ■ 

<223> artificially synthesized sequence for immunization 



<400> 21 ' : ■ 

Met Ala Asp He Tyr Arg Phe Pro Lys Phe Ser Tyr Glu Cys 
1 5 10 



<210> '22 
<211> 13 
<212> PRT 
<213> Artificial 



<220> 

<223> artificially synthesized sequence for immunization 



<400> 22 

Leu Arg Thr Gly Pro Asp Lys Lys Ala He Pro His Cys 
1 5 10 



WO 03/093476 PCT/JI»03/05528 

13/55 

( 1 I 

I 

t 

<210> 23 
<211> 14 

<212> PRT ', . j ' 

<213>' Artificial 

i ■ 

<220> 

<223> artificially synthesized sequence for immunization 

♦ ' ' ■ 

<400> 23 

Cys Ash Val Val Ala Lys Asn lie Gly Arg lie Arg Lys Leu 
1 5 10 

<210> 24 ' 

<211> 48 

<212> DNA 

<213> Artificial 

artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 24 

agagtcactg accaactaga tcgtgcacga ggcatcctac catcctca 



48 



WO 03/093476 ' PCT/JP03/05528 



H • , 
i ' 

<210> 25 
<211> 48' ",, 
<212> MA.. ' . 

<213> Artificial. , 

<220> • 
<223> artificially synthesized sequence used im site directed 
mutagenesis, of the Sendai . virus . 

<400> 25 ' 

tgaggatggt aggatgcctc gtgcacgatc tagttggtca gtgactct 48 

<210> ,26 

<211> 55 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 26 

tctcgagtcg ctcggtacga tgaaaaagcc tgaactcacc gcgacgtctg tcgag 55 



WO 03/093476 FCT/Jl'03/05528 

15/55 : 



<210> 27 

' •• • . 

<211> 83 

<212> DNA : i 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

♦ . 

• t . . . i ■ . 

•<400> 27 

• i ■ ■ 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgcct attcctttgc 60 

cctcggacga gtgctggggc gtc 33 

1 1 

♦ • ' . : ' 

<210> 28 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 28 

ccaatctacc atcagcatca gc 



22 



WO 03/093476 ' PCT/JP03/05528 

.16/^5 . . , 

* ' . • • ' ' • . 

I ' 
. . ( l 
• 1 ! . I 

.» N i 

• . ; ' 

<210> 29 '•' ( . . 

<2U> 21 ", 

<212> DNA. ' ' • 

<213> Artificial. 

<22o> . • 

<223> artificially synthesized sequence derived from Sendai virus ,. 

■. • • • ■ 

<400> 29 ' 

ttcccttcat cgactatgac c 21 

i 

<210> 30 

<211> ,22 . ' 

• ♦ 

<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 30 

agagaacaag actaaggcta cc 



22 



WO 03/093476 PCT/JP03/05528 

17/55 : 

i ' | 

<210> 31 ' • . ' • 

<211> 6 • 
<212> PRT , ' , 

<213> Artificial 

: . i 

1 . . ,» - 

• *' " • i i ■ 

<220>' 

<223> Artificially synthesized sequence for proteolotic cleavage 
<400> 31 

Pro Leu Gly Leu Gly Leu 

'» ' 

i 

♦ ,-•< • . 

1 5 

« • ■ 

<210> 32 
<211> 74' 

<212> DNA ' 

<213> Artificial ' 
<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 32 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcat gacgagtttc ttcggtgctg 60 
tgattggtac tatc 74 



WO 03/093476 ' PCT/JPQ3/05528 

18/55 . . ' , . 

<210> 33 \ 

<211> 74 . ' 

<212> DNA ■ 
<213> Artificial 

<220> 

• • ■ .... • 

<223> artificially synthesized sequence used in site directed 

mutagenesis of the Sendai virus ' ' . 

<400> 33 

gatagtacca atcacagcac cgaagaaact cgtcatgcca agaggggcat tttgtgtcgt 60 
atcattggtg acag 74 

<210> '34 
<211> 75 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 34 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 60 



WO 03/093476 PCT/JP03/05528 

19/55 

■ 1 1 • 

• I 
I 

tgattggtac tatcg 75 
<210> 35 

<211> 75 ' •, • 

<212> DNA .. . 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

I 

<400> 35 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 

<210> 36 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



WO 03/093476 1 PCT/JP03/05528 

20/5.5 .' , 

<400> 36 

caaaatgccg gtgctccccc gttgggattc ttcggtgctg tgatt 45 

• ■ • •"' • • ' , ■ '. ■ 

i • • • 1 '. 

.1 - 

<210> 37 ' ' 

<211> 45 

<212> DNA 

<213> Artificial 

. •• t '•' • ' • ... 

• ■ ■ . ■ . , 

<220> : , 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

i ■ 
<400> 37 

aatcacagca ccgaagaatc ccaacggggg agcaccggca ttttg 45 

♦ • 

<210> 38 
<211> 50 
<212> DNA 
<213> Artificial 



<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



WO 03/093476 PCT/JF03/05528 

21/55 

• . . . 

<400> 38 •' ' ■ 

gacacaaaat gccggtgctc ccgtggggag attcttcggt gctgtgattg 50 

<210> 39 .', '. 

<211> 50 

<212> DNA 

<213> Artificial 

f ■ 

<220> ■ ' 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 39 

i 

t . 

caatcacagc accgaagaat ctccccacgg gagcaccggc attttgtgtc 50 

<210> 40 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from F protein of 
Sendai virus 



WO 03/093476 ' l'Cl/Jl , 0,3/05528 

•'22/5*5 . 

<400> 40. • 

Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 

1 '' 5 , 10 

<210> 41 • 

<211> 13 

<212> PRT • , 

<213> Artificial ■ , '• • . 

<220> . . 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 41 

Gly Val Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 42 

<211> 13 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from mutagenized F 



WO U3/0V3476 rirr/JlW/UdStt 

, 23/55 

, " 

protein of Sendai virus 
<400> 42 

Gly Val Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 

1 5 . 10 .', ' . * ( . 

t , . 

1 ' • ■ ■ 

<210> 43 
<211> 10 
<212> PRT 

'i 

<213> Artificial 
<220> 

<223> artificially synthesized , sequence derived from mutagen i zed F 
protein of Sendai virus 

<400> 43 ' 
Gly Val Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 

<210> 44 

<211> 11 

<212> PRT 

<213> Artificial 



WO 03/093476 ' PCT/JP03/05528 

,24/55 , •' .' , . 

' * . . i ' • , 
l 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

*»•'•■' • • 

<400> 44 ' 1 , 

Gly Val Pro Val Gly Arg Phe Phe Gly Ala Val , 

1 5 10 

• ' ■. '• ■ i 

i » t 

<210> 45 • • 

<211> 16 

<212> PRT 

<213> Artificial 

♦ 

<220> • 

<223> 'amphiphilic alpha-helix domain of Sendai virus 

<400> 45 

Lys Ala Cys Thr Asp Leu Arg He Thr Val Arg Arg Thr Val Arg Ala 
1 5 10 15 



<210> 46 
<211> 8 
<212> PRT 



WO 03/093476 PCT/JP03/05528 

25/55 

.it 

I. , "■ 

<213> Artificial 
<220> 

<223> a synthetic polypeptide 
<400> 1 46 

Phe Phe Gly Ala Val lie Gly Thr 

1 5 • 

i ' ' .. , ■ • 

( . • 

<210> 47 ' , 

<211> 13 

<212> PRT 

<213> Artificial 

<220> : 

<223> a synthetic polypeptide 
<400> 47 

Glu Ala Arg Glu Ala Lys Arg Asp He Ala Leu He Lys 
1.5 io 



<210> 48 



WO 03/093476 



FC'l/Jl'03/05528 



26/55 



<211> 13 . 
<212> PRT 

i 

<213> Artificial 

***,*, 

<220> 

<223> a synthetic polypeptide 
<400> 48 



Cys Gly Thr Gly Arg Arg Pro He Ser Gin Asp. Arg Ser 

'' , ■ ■ ■ 

1 5 10 . 



<210> 49 

<211> 31 

<212> 'DNA 

<213> Artificial 



<220> 

<223> a synthetic primer 



<400> 49 

ccgctcgagc atgacagCat atatccagag a 



31 



<210> 50 



WO 03/093476 

27/55 

1 • i> i 

! 

t 

<211> 40 

<212> DNA 

<213> Artificial , 

<220> 

<223>' a synthetic primer 
<400> 50 

atagtttagc ggccgctcat ctgatcttcg gctctaatgt 

'i 

t 

) 

<210> 51 
<211> 31 

<212> DNA , 
<213> Artificial 

■i 

<220> 

<223> a synthetic primer 
<400> 51 

ccgctcgagc atgacagcat atatccagag a 

<210> 52 
<211> 40 
<212> DNA 



WO 03/093476 ' 

. .. .. 28/55 

I 

<213> Artificial" 
<220> 

<223> a synthetic primer 

» - 

, ■ ( » 

<400> 52' 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 53 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> 1 a synthetic primer 
<400> 53 

ccgctcgagc atgacagcat atatccagag a 

<210> 54 

<211> 40 

<212> DNA 

<213> Artificial 



WO03/U93476 ' 

29/55, 

<220> M ' 

.1 ( : • • ; ■ ' 

<223> a synthetic primer 

<400> 54 • ' . . 
atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 55 

<211> 3.6 • , 

<212> DNA . 

<213> Artificial 

. • • ■ i 

r • 

<220> ' . 

<223> a synthetic primer, F-F 
<400> ( 55 

atccgaattc agttcaatga cagcatatat ccagag 

<210> 56 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Fctl4-a synthetic primer, Fctl4-R 



WO 03/093476 FC1/JF03/05528 

' 30/55 



<400> 56 . 

atccgcggcc gccggtcatc tggattaccc attagc 36 



<210> • 57 , 
<211> 152 

i ■ 

<212> DNA 
<213> Artificial 

<220> 

<223> a synthetic primer, Linker-HN-F 
<400> 57 , 

atccgcggcc gcaatcgagg gaaggtggtc tgagttaaaa atcaggagca acgacggagg 60 
tgaaggacca gaggacgcca acgacccacg gggaaagggg tgaacacatc catatccagc 120 
catctctacc tgtttatgga cagagggtta gg 152 



<210> 58 

<211> 33 

<212> DNA 

<213> Artificial 



WO 03/093476 ' PCT/JP03/05528 

31/55 . •' .' , 

<220> • , '* 1 , • . . 

<223> a synthetic primer, HN-R 

"I 

<400> 58 . . ■ 

atccgcggcc gcttaagact cggccttgca 'taa ( ^ 

<210> 59 

<211> .32 • . • • . 

<212> DNA •• , ' • 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> '59 

atccgcggcc gcaatggatg gtgatagggg ca 35 

<210> 60 

<211> 30 

<212> DNA 

<213> Artificial 



<220> 

<223> a synthetic primer 



WO 03/093476 jfCTAM'UJ/UddZS 

32/55 



<400> 60 . . . 

atccgcggcc gcttaagact cggccttgca 

» 

• • • 1 ,t 

i ' > i 

<210>- 61 
<211> 6 
<212> PRT 
<213> Artificial 

<220> 

<223> MMP cleavage sequence 
<400> 61 

Pro Leu Gly Met Thr Ser • - 

1 5 

<210> 62 

<211> 6 

<212> PRT 

<213> Artificial 



<220> 
<223> 



MMP cleavage sequence 



WO 03/093476 1 PCT/JP03/05528 

.33/55 . .' , 

r' 1 •* , . 

' ■ , . i ' • , , 

i 

■ . • . • 

<400> 62 , 

V' • 

i 

Pro Gin Gly Met Thr Ser , , 

■ * , 

, I • I - ' / 

<210> 63 ' v ' 

<211> 6 i • - ' 

<212> PRT • 

<213> Artificial . ■ 

<220> 

<223> MMP cleavage sequence 

<400> '63 , 

Pro Gin Gly Leu Tyr Ala 
1 5 

<210> 64 

<211> 75 

<212> DNA 

<213> Artificial 



WO 03/093476 PCT/JP03/05528 

34/55 

•• ' i . *• 

1 • 

<220> • ' / 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 64 



ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct g'gggttattc ttcggtgctj? 60 



tgattggtac tatcg .75 



<210> 65 

"■ 

t * 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 

» 

<400> 65 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 



<210> 66 
<211> 74 
<212> DNA 



WO 03/093476 ' PCT/JPQ3/05528 

35/55 . ' .' , 

*' * ' ' ' . 

i 

<213> Artificial". 

t 

<220> • ' 

<223> a synthetic oligonucleotide used for mutagenesis 

i 

<400> 66' • 

. i ,' • • • • 

ctgtcaccaa tgatacgaca caaaatgccc ctcagggctt gtatgctttc ttcggtgctg 6C 

• ' •. •■ ' • 

tgattggtac tatc t • ■ 1 • ^ 

<210> 67 
<211> 74 
<212> DNA 

<213> Artificial • 
<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 67 

gatagtacca atcacagcac cgaagaaagc atacaagccc tgaggggcat tttgtgtcgt 6 
atcattggtg acag 1 



<210> 68 



WO 03/093476 PCT/JP03/05528 

, 36/55 

! ' 
• ■< 

) • 

<211> 74 

<212> DNA 

<213> Artificial , 

<220> ', . '• 

<223> ' a synthetic oligonucleotide used for mutagenesis 

<400> 68 

ctgtcaccaa tgatacgaca caaaatgccc ctcaaggcat gacgagtttc ttcggtgctg 60 
tgattggtac tatc 74 

<210> 69 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 69 

gatagtacca atcacagcac cgaagaaact cgtcatgcct tgaggggcat tttgtgtcgt 6( 



atcattggtg acag 



74 



WO 03/093476 ' PCT/JP03/0S528 

37/55, •, , 



<210> 70 , 

<211> 74 

<212> DNA 

<213> Artificial 



.• ■ • 

<220> 



<223> a synthetic oligonucleotide used for. mutagenesis 

<400> 70 ■ • ■' . ' 

ctgtcaccaa tgatacgaca caaaatgccc ttgcttacta , tacggctttc ttcggtgctg 60 

tgattggtac tatc . 



<210> '71 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 71 

gatagtacca atcacagcac cgaagaaagc cgtatagtaa gcaagggcat tttgtgtcgt 



60 



WO 03/093476 PCT/JP03/05528 

38/55 

' •II 

1 ♦ 

I 

atcattggtg acag 74 
<210> 72 

<211> 74 ', • < •'• 

<212> DNA , 
<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 

' • \''*.'.' 

i ' • 

I , • , 

<400> 72 , 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggctt ggcgagattc ttcggtgctg 60 

i 

tgattggtac tatc 74 

<210> 73 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 73 



WO 03/093476 



PCT/JP03/U5528 



39/55, 



• ' » ' 1 

gatagtacca atcacagcac cgaagaatct cgccaagcca agaggggcat ■ tttgtgtcgt 



60 



atcattggtg acag 



,74 



<210> 



74 



<211> 



50 



<212> DNA • , 

<213> Artificial . • ' . 

• 1 . 

, . 1 < • •* i ' i 

• . • • •, •:• 

<220> • 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 74 

cttcggtgct gtgattgcta ctatcgcact tgcagtggcg acatcagcac 



<210> 75 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 75 



WO 03/093476 PCT/Jl'03/05528 

, ' 40/55 

1 

gtgctg'atgt cgccactgca agtgcgat'ag tagcaatcac agcaccgaag 50 



<210> 76 

<211> 49 ', ■>. •'• 

<212> 1 PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 

I . i 

<400> 76 , 

Val He Val He Val Leu Tyr Arg .Leu Lys Arg Ser Met Leu Met Gly 
1 5 10 15 

Asn Pro Asp Asp Arg lie Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg His Met Tyr Thr Lys Gly Gly Phe Asp Ala Met Ala Glu Lys 
35 40 45 



Arg 



• '..»'• . , 1 

•■ 1 • . ' 

<210> 77. . ., 

<211> 34 
<212> PRT 

<213> Artificial , • , . 

, • ( i 

<220> ' • , 
<223> a partial sequence of Sendai virus F protein 



<400> 77 , • • 

, i 

' ' ' , ■ - ' 'I. 

Val He Val lie Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 

1 * 5 10 15 

Asn Pro Asp Asp Arg lie Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25, 30 

♦ 

He Arg 



<210> 78 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 



WO 03/093476 PCT/JP03/05528 

, 42/55 

i . 

<223> a partial ' sequence of Sendai virus F protein 
<400> 78 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Glr 
1 5 10 15 

Asn Pro Asp Asp Arg 
20 

r ■ 

<210> 79 , ' 

<211> 11 
<212> PRT 
<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 79 

Val He Val He Val Leu Tyr Arg Leu Lys Arg 
1 5 10 



<210> 80 



WO 03/093476 ■ ' PCT/JP03/05528 

43/55, • . . ' , 



<211> 50 . 
<212> PRT , 

• ■ 

<213> Artificial . ' 

t '• ' » • 

' . '» < ♦ • • . 

I ■ ■' ' ■ 

• ' \ 

<220> 

<223> a linker sequence ♦ 
<400> 80 • v 

Ala Ala Ala He Glu Gly Arg Trp Ser Glu Leu Lys He Arg Ser Asi? 
1 , 5 . 10 . 15 

Asp Gly Gly Glu Gly Pro Glu Asp Ala Asn Asp Pro Arg Gly Lys Gly 
20 25 30 

i 

Val Glri His He His He Gin Pro Ser Leu ProVal Tyr Gly Gin Arg 
35 40 45 

Val Arg 
50 



<210> 81 

<211> 12 

<212> PRT 

<213> Artificial 



WO 03/093476 

44/55 



<220> 

<223> F protein cleavage site 

<400> 81 ' ! ' 

Ala Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

- . ! ■ 

♦ 

<210> 82 
<211> 12 
<212> PRT 
<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 82 

Ala Pro Leu Gly Leu Trp Ala Phe Phe Gly Ala Val 
15 10 



<210> 83 
<211> 12 



WO 03/093476 1 FC1/JFU3/U5^8 

45/55, ' , 

l 

<212> PRT. , 

.i ,: . . ; • •• .. 

<213> Artificial 

V 1 \ . - 

<220> • , , . ; 

" ' " . .. 

<223> F protein cleavage site 1 

' • i 

i ,' 

<400> 83 

' • ' • •. • • 

t 

Ala Pro Leu Gly Met Thr Ser Phe Phe Gjly Ala ,Val , 

1 '■ . 5' • 10.. , 

1 ' 

<210> 84 
<211> 12 

<212> PRT ... 

<213> 'Artificial . ' ' , ' 

<220> 

<223> F protein cleavage site 
<400> 84 



Ala Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 



WO 03/0934'76 PCT/JP03/05528 

' , 46/55 



<210> 85 
<211> 12 
<212> PRT 
<213> Artificial 

,: . r , 

<220> 1 

<223> F protein cleavage site ■ ■■• 

<400> 85 

Ala Gly Val Pro Pro Leu Gly Phe Phe Gly Ala Val 

i ' 5 ' io ; ,: 



<210> 86 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 86 



Ala Pro Gin Gly Leu Tyr Ala Phe Phe Gly Ala Val 
1 5 10 



WU IW/U!»347<» 



47/5§ 



• II- 



<210> .87 

<211> 12 

<212> PRT 

<213> Artificial 



<220> 

<223> F protein cleavage site , 
<400> 87 



l*Cl/JJl*0J/U33Z8 



Ala Pro 'Gin Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 



<210> 88 

<211> 12 

<212> PRT 

<213> Artificial 



<220> 

<223> F protein cleavage site 



<400> 88 



WO 03/093476 PCT/JP03/05528 

, 48/55 

Ala Leu Ala Tyr Tyr Thr Arg Phe Phe Gly Ala Val • 
1 ' 5 10 . 

<210> 89 • • . < '. , , 

<211>> 12 

<212> PRT 

<213> Artificial 

<220> • ■ ' 

<223> F protein cleavage site 

<400> 89 

I 

1 • • . ■ ■ ■■ 

Ala Pro Leu Gly Leu Ala Arg Phe Phe Gly Ala Val 
1 5 10 

' * . * ♦ 

<210> 90 
<211> 23 
<212> PRT 
<213> Artificial 



<220> 
<223> 



F protein cleavage site 



WO 03/093476 ' FC1/JF03/05528 

49/55 . , . ,' , 

<400> 90 . .'• . 

( 

Gin Ser Arg Phe Phe Gly Ala Val lie Gly Thr lie Ala Leu Gly Val 

1 ' '•' ." , 5 ' . 10. ; ; 15 

''»■'■ •* ' ; 

. I - 
I , - . 

' ' 1 

' 1 

Ala Thr Ser Ala Gin He Thr , 

20 ' . 

,'■''*■■' • ■ < ' 

1 • ■ 

». 1 

<210> 91 i 
<211> 2$ , 
<212> PRT 
<213> Artificial 

1 

<220> • 
<223> 1 F protein cleavage site 

<400> 91 

Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
1 5 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 



WO 03/093476 PCT7JP03/05528 

50/55 

'• . 1 ' '"• 

<210> 92 

<2U> 26 • , • 

<212> PRT 

<213> Artificial 

' : . I ' ' : ' ■' 

' ' t " ' 

<220>' 

<223> F protein cleavage site 

<400> 92 , • 

, * i ' 

Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val lie Gly Thr He Ala 
1 5 10 ' 15 

Leu Gly Val Ala Thr Ser Ala Gin, lie Thr 
20 25 



<210> 93 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 



<400> 93 



WO 03/093476 1 FC 1/J1'03/U3SZ8 

51/55, ' 



Pro Gin Gly Met Thr Ser Phe. Phe Gly Ala Val He Ala Thr He Ala 
1 ''5 , 10 15 

» M ' * " • ■ ' . ■ 

I • • 

Leu Ala Val Ala' Thr Ser Ala Gin He Thr . 
20 25 



<210> ,94 

<211> 32 

<212> DNA . . 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 94 

atccgctagc ccgtacggcc atggtgagca ag 32 



<210> 95 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 



WO 03/093476 PCT/JP03/05528 

52/55 : 



<223> an artificially synthesized oligonucleotide- 
<400> 95 

• • • 

atccgcgcgc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 60 



79 

gtacagctcg tc '* 



<210> 96 

<211> 31 • 

<212> DNA 

<213> Artificial '• 

<220> . 

<223> an artificially synthesized oligonucleotide 

<400> 96 

atccacgcgt catgacagca tatatccaga g 31 



<210> 97 

<211> 66 

<212> DNA 

<213> Artificial 



<220> 



WO 03/093476 



PCT/JP03/05528 



53/55 



<223> an artificially synthesized oligonucleotide' 



<400> 97 , , ( 

atccgtcgac acgatgaact ttcaccctaa gtttttctta ctactttaac ggtcatctgg 60 



. i 



attacC 



66 



<210> 98 

<211> 32 

<212> DNA 

<213> Artificial , 

<220> • . 

<223> an artificially synthesized oligonucleotide 



<400> 98 

atccgctagc ccgtacggcc atggtgagca ag 



32 



<210> 99 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 



WO 03/093476 1 FC1/JF03/05528 

54/55, , .' , 

i i 

<223> an artificially synthesized oligonucleotide 
<400> 99 

atccgctagc ccgtacgatg aactttcacc ctaagttttt, cttactacgg agctttactt 60 

i ■ 

t 

■ ' i 

gtacagctcg tc » ^ 

<210> 100 i 1 . 

<211> 36 • , 

<212> DNA . 

<213> Artificial 

t 

o 

<220> 

» 

<223> an artificially synthesized oligonucleotide 

1 ■ ' 

<400> 100 

atccgctagc agttcaatga cagcatatat ccagag 3 

<210> 101 

<211> 67 

<212> DNA 

<213> Artificial 



<220> 



WO 03/093476 



PCT/JP03/05528 



55/55 



<223> an artificially synthesized oligonucleotide' 
<400> 101 

* 

atccgctagc acgatgaact ttcaccctaa gtttttctta ctacttttaa gactcggcct 60 



tgcataa 



67 
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